12 United States Patent

Constantineau et al.

US009925335B2

US 9,925,335 B2
Mar. 27, 2018

(10) Patent No.:
45) Date of Patent:

(54) PORTABLE DRUG MIXING AND DELIVERY
DEVICE AND ASSOCIATED METHODS
(71) Applicant: WINDGAP MEDICAL, INC,
Somerville, MA (US)

(72) Inventors: Cole Constantineau, Cambridge, MA
(US); Christopher J. Stepanian,
Somerville, MA (US); Adam R.
Standley, Cambridge, MA (US);
Michel Bruehwiler, Newton, MA (US);

Brent Buchine, Austin, TX (US);
Jeffrey Thomas Chagnon, Somerville,
MA (US); Robert Brik, Cambridge,
MA (US)

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 82 days.

Notice:

(%)

(21) 15/035,132

(22)

Appl. No.:

PCT Filed: Aug. 18, 2015

(86) PCT No.: PCT/US2015/045768

§ 371 (c)(1).

(2) Date: Aug. 1, 2016

PCT Pub. No.: W02016/028820
PCT Pub. Date: Feb. 25, 2016

(87)

Prior Publication Data

US 2016/0263320 Al Sep. 15, 2016

(65)

Related U.S. Application Data

Provisional application No. 62/038,386, filed on Aug.
18, 2014, provisional application No. 62/126,011,

(Continued)

(60)

Int. CIL.
A6IM 5/19
A6IM 39/22

(51)
(2006.01)
(2006.01)

(Continued)

(52) U.S. CL
CPC AGIM 5/19 (2013.01); AGIM 5/2033

(2013.01); A61IM 5/2046 (2013.01);
(Continued)

Field of Classification Search
CPC A61J 1/1406; A61J 1/201; A61M 39/22;
A61M 5/19; A61M 5/2033; A61M
5/2046; A61M 5/31596; A61M 5/3204

See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

3,680,558 A
3,946,752 A

8/1972 Kapelowitz
3/1976 Hurscham

(Continued)

FOREIGN PATENT DOCUMENTS

4/2009
6/1997

(Continued)

EP
FR

961612 Bl
2741810

Primary Examiner — Imam Hayman

(74) Attorney, Agent, or Firm — Ascentage Patent Law,
LLC; Travis Lee Johnson; David S. Einfeldt

(37) ABSTRACT

A portable auto-injector configured to store a liquid com-
ponent 1n a first chamber separately from a dry medication
in a second chamber, wherein a first actuation mechanism
opens a valve allowing for the mitiation of a mixing step
prior to 1njection. An extendable needle guard 1s provided
over the delivery assembly which prevents premature injec-
tion as well as 1nadvertent sticks or other cross contamina-
tion of a needle. The needle guard can also form part of a
secondary trigger mechanism which injects the mixed com-

ponents aiter the mixing stage 1s complete.

1 Claim, 40 Drawing Sheets

Ty o v, =
A
- z T Ay

%Ei,ﬂlzz

e 118

e ]L012

NL-214

220
=210

=31}

AT 240

.MF- i ".- Ih\

e a2 50
o

™ 270




US 9,925,335 B2
Page 2

Related U.S. Application Data

filed on Feb. 27, 2015, provisional application No.
62/061,664, filed on Aug. 10, 2014, provisional ap-
plication No. 62/120,792, filed on Feb. 25, 2015,

provisional application No. 62/204,940, filed on Aug.

13, 2015.
(51) Int. CL
A6IM 5/20 (2006.01)
A6IM 5/32 (2006.01)
A6IM 5/315 (2006.01)
(52) U.S. CL
CPC ...... A6IM 5/31596 (2013.01); A61IM 5/3204
(2013.01); A61IM 39722 (2013.01)
(56) References Cited
U.S. PATENT DOCUMENTS
4,031,892 A 6/1977 Hurschman
4,060,082 A 11/1977 Lindberg et al.
4,529,403 A 7/1985 Kamstra
4,643,721 A 2/1987 Brunet
4,755,169 A 7/1988 Sarnofft
5,360,410 A 11/1994 Wacks
5,569,193 A 10/1996 Hofstetter
5,704,918 A 1/1998 Higashikawa
5,899,881 A 5/1999 Grimard et al.
6,149,628 A 11/2000 Szapiro et al.
6,309,372 B1 10/2001 Fischer et al.
6,641,561 B1 11/2003 Hill et al.
6,656,150 B2 12/2003 Hill et al.
6,770,052 B2 8/2004 Hill et al.
6,793,646 Bl 9/2004 Grambattista et al.
6,852,103 B2 2/2005 Fowles et al.
6,953,445 B2  10/2005 Wilmot et al.
7,449,012 B2  11/2008 Young et al.
7,544,189 B2 6/2009 Grithiths
7,556,614 B2 7/2009 QGriftiths et al.
7,608,055 B2  10/2009 Griftiths et al.
7,612,887 B2 11/2009 Choi et al.
7,621,887 B2  11/2009 Grithiths et al.
7,678,073 B2 3/2010 Grnthths et al.
7,749,190 B2 7/2010 Grnithiths et al.
7,757,370 B2 7/2010 Grnithths
7,776,015 B2 8/2010 Sadowski et al.
7,947,742 B2 5/2011 Batycky et al.
8,057,427 B2  11/2011 Griftiths et al.
8,092,420 B2 1/2012 Bendek et al.
8,123,719 B2 2/2012 Edwards et al.
8,177,758 B2 5/2012 Brooks, Jr. et al.
8,187,220 B2 5/2012 Grifhiths et al.
8,251,947 B2 8/2012 Kramer et al.
8,496,619 B2 7/2013 Kramer et al.
8,506,526 B2 8/2013 Griftiths et al.
8,568,367 B2 10/2013 Griffiths et al.
8,613,720 B2 12/2013 Bendek et al.
8,632,504 B2 1/2014 Young
REA44.847 E 4/2014 Sadowski et al.
8,696,618 B2 4/2014 Kramer et al.
8.814,834 B2 8/2014 Sund et al.
8,870,827 B2 10/2014 Young et al.

Vogt et al.
KraMer et al.
KraMer et al.

Hill

et al.

Wilmot et al.

Hill
Hill

et al.
et al.

Tarara et al.
Raven et al.
Harper et al.
Tennican et al.

Nageswara
Rawas-Qalaji1 et al.

Hill

8,945,053 B2 2/2015
9,364,010 B2 6/2016
9,364,611 B2 6/2016
2002/0046563 Al 2/2002
2002/0042592 Al 4/2002
2002/0049406 Al 4/2002
2002/0049407 Al 4/2002
2005/0074498 Al 4/2005
2005/0148933 Al 7/2005
2005/0177100 Al 8/2005
2006/0079834 Al 4/2006
2007/0116729 Al 5/2007
2007/0202163 Al 8/2007
2007/0293582 Al 12/2007
2008/0103490 Al 5/2008
2008/0281271 Al  11/2008
2009/0171311 Al 7/2009
2010/0228190 Al 9/2010
2010/0318035 Al  12/2010
2011/0092906 Al 4/2011
2011/0092917 Al 4/2011
2011/0237681 Al 9/201]
2012/0016296 Al 1/2012
2012/0130318 Al 5/2012
2012/0179137 Al 7/2012
2012/0302989 Al 11/2012
2013/0018310 Al 1/2013
2013/0023822 Al 1/2013
2013/0060232 Al 3/2013
2013/0018313 Al 7/2013
2013/0178823 Al 7/2013
2013/0274707 Al 10/2013
2013/0289791 Al  10/2013
2013/0317477 Al 11/2013
2013/0331788 Al  12/2013
2014/0088512 Al 3/2014
2014/0276385 Al 9/2014
2014/0276430 Al 9/2014
2014/0336589 Al 11/2014
2015/0011975 Al 1/2015
2015/0174323 Al 6/2015
2015/0367073 Al  12/2015
2015/0374925 Al 12/2015
2016/0220764 Al 4/2016
FOR.
WO W0O9208506 Al
WO WO 2008/114035 Al
WO WO02008114035 Al
WO W0O2008154092 Al
WO W0O2005032523 A2
WO WO02000118754 A2
WO W02010068415 Al
WO WO 2011/060541 Al
WO WO02011060541 Al
WO WO02011109340 Al
WO W02012090168 Al
WO W0O2012099898 A2
WO WO2013063707 Al
WO Ww02014026694
WO Ww02014060563
WO W02014667351
WO WO014205463

Edwards et al.
Grithths et al.

Genosar et al.

Grithiths et al.
Edwards et al.
Bottger et al.
Wel et al.

Patycky et al.
Charles

Young
Bartlett et al.
Kramer et al.
Boyd et al.
Edwards et al.
Aldon et al.
Kramer et al.
Buchine et al.
Wilmont et al.
Kerrigan et al.
Edwards et al.
Kramer et al.
Quinn
Buchine et al.
Baker et al.
Sund et al.
Anderson et al.
Edwards et al.
Standley et al.
Standley et al.
Durvasula et al.

SIGN PATENT DOCUMENTS

5/1992
9/2008
9/2008
12/2008
1/2009
10/2009
6/2010
5/2011
5/2011
9/2011
5/201
7/201
5/201
2/201
4/201
5/201
12/201

LN SN L LR O B (S S




U.S. Patent Mar. 27, 2018

o el E o x' o o o

e i oo
S i L b

10

10

-
-
—

T e e e a a e a a i i

Sheet 1 of 40

LS

"
T
.Wrrrrrrr# ol

: “ig-r'-.'-f-r.-f-'.-'-f-'.-.'-fr.-rif Ly

G

sy g e L

US 9,925,335 B2

Fig. 1C

. e L s m
A ;F;.'_..-'-'--r—'-'q-'_-.-.--'--' T g g g e e e gt e i R RN OO T TT TR O g A ] .
: . ) rr.-_ . i-. 1‘ ) N flp._p._l‘F
_{.." Z - B, "\ . . 'ﬁ
" G, BN T
‘;_-{- . Lo .'r'lg."'..l‘ = o
.! ":l":,:I -'5'_._ 1,.,,,_.,..",".."__._.. ..... m.-l‘-;,a- 'J‘l' ’r' »
+ "I 3 .. .
'::lr . 'l : g ,r,r.l..r.r.!..-J.J.rr.-.h-.r.l-l.rr.lrl—il.r-hirll.r : 'Pl,
" N ' ' T
ey % .g‘*':i g ; %
-, . . '
1 ' i.‘r' -
e ] vy ﬁ
T e L

- i B o i X 0 e g e e e e oo o e A e i
e A BN . . A i AiEL LLIEELLE LR

b=l =

10
100

ﬁ?f’f}’;ﬂrﬂ}”’ P e g o g g g et i
- -

G e e o At

Almsami ama s aEE i i mang i ree e ey ey ey ey e e e e e e

.*#-.-.-.ué' ;; ol
aa'a .-.-.'-'EFJ'FEPFIFF!FF{{-“ Hﬁmﬂﬁﬂﬁﬁiijﬂ’:ﬁ_{f..

- . D R T R T S R S S N N T R D R T T S T N N I’f
A A A il el AR e i 5'2.:{/.".?..;..-_..-_,;,;..-_,_.-_,-_,,_,-_r_ T e

gty =t

O o I Pt 00 1 i e A S A TS AA A AL LN "'““? '

14

FA e el g g R g e ey e ek e e i-t.r__:z:inu L IIIIJIFIJ‘F.I‘_!'IJ‘J‘!:I'I';#
- ..

1;..
. "::.-:-'-:-:u:.:,.-* _ ':ir
{’; % s

, .‘-':-5}r ‘55 -

%-5_- % %
% '

%
_i':-‘r.rgr.n:-':{: '

A

]

R I L R -
Eal ol ol o I Nl el oF i

o e A e B B R L L,

A s Tat e

X7
‘:l;,. éé,
;o """".-.r' S R O o e e L L T T .
o b

o O
ﬁh-}rﬁrﬁﬁrmmm.ﬂv—ﬁﬁr

r Frrsr 1L riLrAiLrr-1T-rTIiT"
FE e FFFFFI P rF FrFrrrrrr

* T f P i "
“im o o mn , -
LTI Lt

A e

=
-
[
LY
- =
Wl Rd T AL LR F'-\*l'.:‘

"_
B SRR
""'I:'-.,“
l.‘
1
-
L
L

Sy
‘h‘.l"l

e T

fﬁg.ﬂ_.ﬁ.ﬁ#;:;;:;p&.ﬁ#.ﬂ###? L C e
....... P )Jz/
.

e,
i

%,

o

o

S
o

o
. ‘_......".-\. .

[ L

"J-;-“"'."Tfl'

Bt R

TN

gt

Sty

s

"-.'-.'n..i

Fig. 1A



US 9,925,335 B2

Sheet 2 of 40

Mar. 27, 2018

U.S. Patent

00¢C




U.S. Patent

Mar. 27, 2018

Sheet 3 of 40

US 9,925,335 B2

i P \
- ST §

..-"’

- .-..-..I.-.-.lu- .

...-'.'... .Fl..,

o= ,g,;g-; =
i)

ree. -
'---..I'.---.' A
- ) : - n _-. g .'._H © .
I'lr ;r- glr rlli.l rm J L L i 'y -
< fﬁ-ﬁh =3}. A
- ._. '.'

- '
< ..-'&
ma e

.r.-a--r.r.-a-‘fa-ii

L3 L]

ol
:
. -'.."..-'-'rr':‘“r'v'fr':“— .

O .:,r:.—.—;ﬂ-' (',{'l

Fig. 3D

-
V'
y—

A F g Fd 4 F g FdFET

- — i T T T M R T » o
r-.' r'l' - ’ r ¥ '
e e sl aal o A
rrrrj'.'l - L -':--

r
r
P i e .'lr-rr-rr-l,-rr/

LT T
= Ly —

| e LIS

N

L] irl]l' L '_:' B e e
o ="

a ||".JJJI'Hf-Fd’ I| -r'\—r -r'r-r T,
1 T -
ata et e ar e -
Ly o
bl

oL
I 0 —
e I o

b,

Fig. 3C

: i .
-
r._. 'n.l_' -.'.}F-'

rarrrrs’
-

- -
r + b Wy
F o E T F T e

"#Jnr".w,fffif

----------------

"' . :-
-, e, '.‘_‘L
. i) g AR P -
; ;
= s .: -- L
R m— e, | B
- ]
Ty

a .

L L R i ak . I R e

.u- -.-', .-'1-_“ e

mﬁ 5'"*-.*- e

.il'l'.l"l I f F g g" " o = e
- .

'l"l.pii-'d‘l-:,---

p——r
p e T
-E.r.r

-_--rJq;plg_.

T

40

-— e e
. d "

rerrdes e

+ "y
':,I fis:
rd

1““[.\.

f

" L

| Lq
-—r " nmm

oI

g
"
I
'h |
::,.;: -
N -
ol |.I 'r:
”
-~
K
R
"

lrrl,rrlr

o T iy

[
N r

;f-’r-’r:?’r-’r’f;pt'f-l'f'r
.I T - IJ
- .. . .,

- -

'_'_HIJ_‘_. ''''' lr- l_f_;_l A _|_l1_l_!_f_|_;_ [ I_'l rrrrr_rl r'rllﬂ rrl_‘,rr
X o rt ¥ raa f;::/r.ﬂnr o A IFI?L.:W

2547
258
310

d
270

A ——

- L
r

T
=

R S
e RN L

o I

Fig. 3B

-.II- 1-1-_ .

f
!
i
;

-~ -1 — ‘.
rrmpe e ey = T *F i [ kN
" * ‘. "r [ i L

M aaaal-ll'_‘- i F H

) o
N 2N I:" ,":,.r P .(;a/ L
r ' .
il'il"_._!'!i'n'if_li'ii n'_p' i-'.--"l"_|--"--""---".",|-'.l f

T L S

rﬂ;r:-"'rrrr_fr’rrr _r’rrf,.._r.-”;.._.-”,j At

o T e

"I’:_ -.I‘:‘:-J;- -f':"--.p:_-“. -

] 7_|
£ l-." I.- |'l JII..-'
L e S Y, E X EARAAALY Aoals
l ' a Y '
g ]
- <y -, iy R

AR RE LR R [

.‘I.

5 -

2
AR

. . ", " !
a ot a e v S e—l—

LALER R R

g -'I;r .
'1_| T
dnr a-.\:lur.-—-l—ial - .:'il ar

-'**r...-...‘...'.

iﬂahwﬂm-

Ad A,y r ATl

‘\.l ) Ta i -
Amimalkadlaad O L R L
Ny
-_1;. a aa adaawaaa.n

S rr - rr - rrrr s rr o

ol e =
o A -~
. T . _,“-l‘_
el w -
'll ."'f*- -

4 PN .

A T o ot T T

------------ e -I-I-J-J-J-' a
-

- "r.'-f----.:.rr-

e J— L]
= s -."".J i

A Y
- fEL-_'_:r:H." .l:-.- .n.r.l"i T =

—_——————r

fi’fiI"fl"f'ffl"fl'l"il"f‘r_r_r_ I
[

Fig. 3A

g a

S s
..c..'l‘_-.--"'...
--I -

f.:l.-..-l'a-..

10




US 9,925,335 B2

U.S. Patent Mar. 27, 2018 Sheet 4 of 40
<t -
oA § % & e <
N 7 — ; >
—— ﬁ\\\\\\\\iﬁ&“m & \:}'_J & \ ' Dy i
E\‘-\\\"\ . \ %ﬁ-“¢\ K--‘@“\\‘ -
\\m\\\\\\\\xw \\‘ % T:l !!%:\\\‘\\\\‘\\k\ﬁl ‘:‘ \
7 S s RN\
S x
= A ™
o 5 88 & 8 )
— I
—— e T RN « w
= \
— & M!&m\\‘\

S )“w

r
Se—pm——ta——

TR AR :‘Ln\“‘ ‘3}\\‘

| 7=

/ =
g o0
- - g:} N Ve
- ) N
g qa
- -
— Vo
:q E ] =y
] N
/ <
(— ~) -+
o L)
o - a
\O < ~ oS O -
- TR AT
L @ - o~

. L. . . T
\\

\\\\\\m\\\\\\
N N |

il A ol JAE LD it _EL
|
. " . S

[ \

P B\ R

212
/

)

200
N

¢
&

A, ..

)
-

270

258

ﬂ_
]
- o
—
)
S a
o ¢y

Fig. 4D

Fig. 4C

Fig. 4B



U.S. Patent Mar. 27, 2018 Sheet 5 of 40 US 9,925,335 B2

248
110

Fig. 5B

Fig. 5A




U.S. Patent Mar. 27, 2018 Sheet 6 of 40 US 9,925,335 B2

220
248

-
—
—

-
Vg
85
L
-
~I
-
-
| o
N —
N O
=X
N
@,
)
i)
o o
A

240



U.S. Patent Mar. 27, 2018 Sheet 7 of 40 US 9,925,335 B2

216

110

- L]
. z
.
L ] I
(] _i.
.
v
.
+
n
A 0
- -
" .
L]
- *
++
"
]
%’
g
x "

H -
.
"
.
= v
- .
h L}
- k
-
W
;
l
'
'
= -
'
- .
+
'
v
'
.
L} 3
'
J
! 5
.
)
o -
y
D 4
.
. L
-1.
t J "
| 1
W
. L. r
Ay F'r’r‘- b + 4 4 oy By
d i -.|||H-F‘a.'..#.r o
- - Lt w4
=l L AL |
-
-'.
-
J ]
Lt L
L+
;
r,

200



U.S. Patent Mar. 27, 2018

216

Fig. 6B

Sheet 8 of 40

-
—
—

_-.' _ . - -'-.""!I‘---.-—.-.-- FERERI ———-
. '-_.‘_
'*"h- ..
.'-'-J:. "L
A
. S
o S P
"I e
- N
r . 'I,r
. g,
. =
..l.‘. ...Ji-' ) 'u'-r
m . N b .
) 'I"lr- L ?"a.: I
* E oy
o oo ..‘"...l.‘_ ""1"'_... R
L= . Rl i g ——
) . 1 ) it
E BT e o~
F‘ ) ‘-L'I T .I'-r :.r"' ‘1- -
5 L . .. . i
A ,-’ 7 . —
K o 4 : 2 R
s i / ;o
e " s i .
Fimra —--_._q_l_g_n-_-_::.'.? ¥, .'.- . i'-r .
i - .,l" ' s '..' '
S - .
.| ’
-'."'-""-"-""-'-rrrr..., " ra -
l.' __u'-'JH-h I-J-_— - ’
S A i T .
AL o t-a_ L e amaa
. .;'-'. v r'-_-r. ) I-\I'-".-“,_ "._.- o bl e i e 4 4 . ..
e - : . LN L, .
l".!' ""4 e R . .'I'-,, '.-'f.'
P ot urhamagmen B .. “m . P
- . 'ﬂ-‘. . ’h‘__ ., 1"- ._-1" ."
T, . A e LN
‘E" 'I..'." ‘s Y '-lj' * l'r
."_.i . ."_.-} . .1;_ ?'. . "..-' l.::'
. . - -, wr .
C .:‘;-,'- . :t?'-,. .H"'. e, o i
" i o N e
.. . - 4 '-'_'ll;—-b‘;a'-- e S .o "y e .
- r . y . ".'h A '13 T--I‘-.- r_- e L . N
e L . — L, K [ -
. RRLER T i ——._..'.'.'.-"l'.r.':.{. N I r,;_;f‘;.‘l':_«.-'ltr-‘_;-. J:.__.l"" . S e ea - r..-*.i.::m.?;'r::..?.
. 1 - . . -
mll-‘—,—r.—.-.-r--’---:,,-_._-_. '.l.l " - .I'.:.-'._ "I!;..k“.‘-l_"_:? .. . r:-I'/:J::I-:
. . I T - Il
———as : .-!’r ¥4 R, %
"= __-_-_T_-___.._::d- ; rl.F . ."_J_=|. . h'-'. s -
. . n . A —— e
P sl g e o e mtaLr § ' A . .
F.“_"fﬂf S e ) l',rr . ',.-"?- }' A A o L et -
.I— - - - -'I- .‘ - .
. ) r"‘ - i
. ':-'.-.-_.-;.-_..-". . '\F.,- . lI':ll. r.-_ R .
. i) ., rl.': I.-i-. 'i“"—‘
i N
£ - ng
- ; . H ok

AT 4 A
o ek My
) .f:'."" ST T T s ame m .‘1" Ii'_l.-I "r. '..J
Ir:r- . .I"._ .:F'- e e e AT T TR AN TR N Wl m-—- -:-.r.-I-IFIIIIIII-I‘.I'.I..
. 'z!. IL{:-:: .- "I' fait
- T, ol A
J-.,- A }. . 1; f-
i v ' r"'!' .
'::' Vs v “n,
] S < 4 Ty
-1'5I. . ':..l: s e e e A R
*":r ';I.." i J."‘-:I
rrq- . HE‘ .r'..l-- %:l'. .
, " A b inen,
T N T e
", | 4 S

s r\.l_-.'--rr.l‘ l"i'.l'-'rl;_.l' F

. =T CYamy’
— el LLA LT X IR -
LT ; Il P ’ T e o e it A e 1 o
LN - . -r T .
A TP i R 2 T I, e bt - S Ll
.|r_J_ .y . h i .
- re -a L pianieni T e e mw
T """.- ~u
Ta, . ru, "'lr_,_._
] ™ -
.-'. i, fﬁ-_
- LI
. iy
e i,
- K
"-._ -:". J:-l.
'-l. L L8
1, ‘e "".‘
r
., "l.‘.'
1
—- *-—-:-'fr.'.'.'.-.-ﬁ:r *, ", u
. ety o
. -———r
. ’l.l‘. I-"' =g daa Tt g .
x| n' - * p
- *..._ - '.-',J.. .." .
l“l ',-I'I b .rf
n ¥
. - ". b
{r 4 " ':-' H‘F
——rr e m s _____“_‘r.,.:-.

-.-‘——————rq [ ] i--.-..-.ar‘.l'.l

]
L ey h-f

K

it ") -.._-_-_E?"
T T L T R A e e i o e - —

- A .
* i g '-.‘

I-:-l"'-"' IO N omm e

------------ ! .
:r'a.r-'-a'-'\-'\-' . -F“:'-'l'ﬂ":'rtrl TR R E LR RE L R R TE O Y §

-
" r
1 1
] *
/ L
;
. 1
’|r '..
A %
h!
: b
| )
"Ll-. i -
1
gt '
- o n
e I'
- o -.ﬂ!-—.-l-luh.-.lrj-.r'ﬁ'f-fr'-"'-:-’- ----- :F
M rreExEEasarsi a L !l:l
|
A A e e m a B '.I
)
." I_..-""':
] 2 .
’ (1 1 ¥4 K] !.I

.t
:
1

-
i

i ol ok Rl L

e e e e e e e e e e e e e e e e e e e r’j}- ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

T
e
*

e R NERA L

S
L P
:lf:‘ Ir"‘i
N Fe

e . -
% 4

ot
e
o

Fig. 6A

Ep— - el

[ & Loy

3
n ] .
! L
z R
S
se I
;IL f; F r:
; | :
: 5 ;
+ ! s
A oo :
. 5..#..!..1..; 1|
! v :
! - ;
Y
4 J f

US 9,925,335 B2



U.S. Patent

Mar. 27, 2018

Fig. 6D

eet 9 of 40

US 9,925,335 B2

e
-
e
T T
. LEpL Y ] -- " "' - F_'! .-_I .I 4 S S S B m Fra s -
o il e R ‘_J-F.__ﬂ_:__,r:'.-'i.-'.:.
rasswrws ATy ""l‘_.r ) :
§ i
. r | - P
T i : : PP
b1 i Lorgri |
> . ¥
4 i R S
= | ] . 'iP A,
: 1 == _r- l""-. l- .I-J. ! {F-lr :
E r - - a ; ."“ .
Loh f . T - T,
x ’ l e / e
E . i ", o, "k
O - 1 v s
T I‘._‘._-- - ' |
b =7 g
.-
-. ) -.
}_ r-i'a'."."
. P‘J F
'il Trr.lji'*".-'r I"I".r
. I L ..TI - - .'
- .I L T . . .'1 -a-l.
- = M o I
e Py ma _-_F" '“':r """-r':.i,v‘ . -l:,-".__
~ . -,
e y% e A o b
. Co N R e -
- rl i ; 'J-_""- e e
. g I{; !k .' Ty, -,.". _b'-' - ‘-ﬁ"i'
G i r e )
1, y T T e
- ] a; Ty T i
J':I e POy e .‘.* )
, . i' - I..:r|_r_"__‘ .-.-I'.J. r.'- -.l
¥ . 3- ", - -
3 : Y ",
Y . ,.E';-rr,.d""'-"-"'-i'fﬂ' C “m - e
‘ﬂ‘&;__-,-'- 1= N :M d ] . . -l'_;.*” - "n\_’ L]
. - , u il .T-!'d. ,a
) i R ‘-j'-' ﬁ.f Bt st e
. e - i+ i )
. - ’.'..-' = . ‘f._/'- L i_,._*, -I‘u..-; . - ."’i._
ﬁ_":.-.—""" - . . ._'_E}..-_' ey . ' -;-q.
I'Il'.-"_l'.l v Pl i] __.:"'-'-'_ ""\'.l ..:"
Lt e T h ke
JH - - / .l",.l'.*._i'_____ . .-__-. . .'r__ :.I'_
.:' _-"1"’1& r h-r .‘."' ;:ll
—t 's ..: T 1wy L ..-*-.'J ) 1““‘-.- -rr"" .
oy T - TRy, S . "
—— -' = S o, ‘-.-. r. r" r
| 1-"-‘-.” . . . e -_r" .
Y . . T T T ™
: . __,.l" L lI".'.- ‘ . . -*
. 'f:"\- - "-i'-;- -'..r' “L." .r-l
LA ., ‘:'_;. ™ k
LY - "
AT i u e -
; A ¥, ~ “
;’.f L “ - -
- +J__. [ ] . -r
. B i - J -. r
L . N, . ke l*"
L " T 2, =
e “ ", '
J"f' T, s ‘:" :
iy, -'.""-'F_-""". ol S "-' y
A Lo ',_.-'." Y Sl = P e " .rr|
,lj il T, A 1 L
);' ! - F.._,r" Fa l:*..-J ' '.1"4 i"
. o A - f] .J'
F l-'l“I : !-'. L ¢ "
"f' .r'l'/‘I _l,.-—r;l"l'-"""""""l'l't Bl .“" ..r-
ry o AT o R S “ L
) S e LA T oy . ~
< A o ey - N
l. e - .Ih'-' " . ‘:I‘ . - .‘_;l'
;:4 'r"':H:" = n o n T r - ...I'* % "
. -;-"ﬂl" . g, LS L Ry "
-r - Loty : .b J . - . L
4 e e "y K b k
: A - . e 4 -
.l:.--.—'#‘- " '_.- "? i{. o l';
- o . i i K k -
mrar T PR ", K . " k
i v e, . D & "
L i *a, o ¥ i k ‘
' : "rr . W Y d
i ¥ + ’ " ; :
II" » 'Frl'r I-.." K ’ F .;-
P "" " ‘ Ii I
. o _— - r ' Y i
Yo F,h.p-u.-'-l:ﬁr PR Y E ‘: ‘r .
- - ':- "'L- " ! ] "
'-.i'-\.-_ .'1-'.-. "F i" . ? ! .
J"l" .H_ '..I' ‘.I I' i .‘i‘
) . .
-F"I '-.. R K, I‘ !I }
*. Nk o AR " ! i .
R/ ot T __.-'l-d- . - ’ " ‘ I
il.p.l"" r,""'.r - .j"'_.r 1 X E
LU '..'ir- F o ’ 4 " : l' . =
S 1, v : v
S T L
5 i ; ; -
., ;Y Y : el
3 - : : I
] ;4 ; : i X .
¥ e N i ; T
"I;.....—J"- 1, I. ‘E : . 1 : II:-
2 f : : * ! ;
; }I j J .I'I' l: ‘II j
b o ] I : : ;
o B St S ;
. __r-_.r.r d ’ ) f P : "," 1
W . " k ‘I : I
J F - - : :
i,‘.l . ."""FI‘,‘- |r .~ _ll -r'li in # :'
! ; Lo f

) e T
- _-r.:'d“-"-*‘r_H
rrmm"T
o
L
- Fore P

R RN TR arrrena e L - :';".l'.-'

L orm mwF T A
_a vy oL . ) :'

‘-
: e
- h i.
A o
- .
Carn l"._----" l‘ lrl-._' ) .
e ™
- AT, Il- -
_f, “rw ]
!- ﬁl"..i_ e
- -~ l-ﬂ|I
. : :
gt ‘.';
b ,
! ¢ !'-':,.'.l
. N
R T R )
; . i L. e
X ot an ool L e il
‘. ‘-._._.'_J_-..,a- .r'-._ﬂ,,.r- . e Sl
M I e . o b P L ]
. e e g ’ Tt
1 o i R = 4 1 H . e
o L e, L L TR
. ,T:P':.'.-"IF-'-- " .ll . ks | - .
o : L T
.' L ] II l T
‘r,.'_lr" 'I : L -:. .'rlri-'-
e v l - .t " i
4 Y o - L
. ] ] ' -....F..-.._.___._.J_' _ ..I..:_.'
N 3 3 Dl S o
' ) I:I ey ._"'5' ’;' :-'r'-.-l--' ‘r.-l
S = . ‘
. i . b Rl T e
! i iy T R
-. o ) T e |
.i. -.r'l""-- - r-"""r.‘-' ' r -f-‘-'-;‘,-"“.fj- . -.-J -
e _,I_I.l""I - A e " T
e e s 1-""t“' "y -
==, oo - 'r| oA el e,
g | B )
- - ot .l-' B .
Y - f T ¥
Ty " - 1‘.
A Ty -
T '*-!’llr- 'l-' Bk
i _"i___.-_r.r'. Il L ’ -.."'.. . TTa
. o Ll - g-ll' e - ;
- e — _f"ﬂ- TR LT .
- o . " ﬁ-_:“_ L
ras - . - -" .
- = -' - h‘
,;-"' e ) ."'n
.‘l-‘., . ru v .-
e S e
-.' - .-*. -}J
i R LA
i o "-...-
. .
. '-." 1-""!" Co e
” . Y
. # - ",
. = * )
- e, -
I.._. ] ] - - s T I ll".l ‘-' -
e T e "
I"" Ea T, ’ *
- . * i ;
- h - ’ ‘
4 o f-"r‘ e, "
o ) ]
‘f, . L] . r.tL f'
. : i O N LR BRI N "
l" '\-'.".I’II rr - - ’ “m i'n -1:-' .
5 £ et o *
) -o_Aar For "
" e a "
O | = . ’ -
I':l .ﬂ_‘.'..-"l-.ﬁ.d-.i. - 'h-'-l-"lrll-_ i"" ‘:;‘l',"
4 e “rm, -, s
7 AT e, k
_ . o .
K . . E L = -IF.-
. . - 1 ! * ’
‘..u." =i ol Frmw T T aw " : ... "
) . . » . ]
- r'- o . L] bl
by L " J %
. : - ""'!‘.1' ) -".‘ i., *
% u ' " " 0
Ly . . S
R . - I-I '1 v
. r'-,.-"‘-."_' '!.-- e P i .
S omy, %, " %
L Ty A A :
e L T L e h
; .'- 1‘.. . ‘J"- -.. !
-. ﬁr.r ‘. -l 0 r' -I
. ey . ¥
. n T LI .
vy - " . :
. ! ' ' I
o S > ¥
P S ¥ t .
- = . .
e 2 - r r T ' W, :
a, . 4 o I ; ; Lt
ara a-rﬁf__._..-. . ||-. - ] [ ¥ R
1 . 1 Lo i o
] - . . - r .- '-{:'-
] Y f . | ot "
. L ! ;o i 2 b
] : } L
.; § T ; - ’ : ey
.o : . ' T
] " : . u ’ .- ]
h L. [ L] ¢ :’I - '
AT / S P :
o - » ¢ M T -0 '
) 3 - ! . -ﬂ . " - ; :f :
ke } ¥ f - s :
A r A o g ; ;o :
. T .'f b :J- i
| ]

212

Fig. 6C

220



US 9,925,335 B2

Sheet 10 of 40

Mar. 27, 2018

U.S. Patent




US 9,925,335 B2

Sheet 11 of 40

Mar. 27, 2018

U.S. Patent

AL 81

/
, -y

LA N T i ot b o o

et
g - e

-
|

J+ A FEy J | hyd
rll.rl,i'-.,‘.i'a.'ir.i.'I.iJ- R LA
o e, A gty !

Ol1

i

W

.-E'E-'.'.-:'.'.-.l-:‘-. .'.v\‘q‘.-
py . N L
T r )

AL

3¢ |

Wl o il e e
T

LE o F N

129!

AawEmamrEry

o
ol
+ 4

gy iy i b A LR LELE R L RS LA

X FFIIFFIIFFIHIFFFEIIFA

M-I- e

LR ARaR T

...rul..l.l....u_.rh -.J.:..r- j.ur?.l.l"l.l.th.rzﬁ %
oy ...#d.n.-&.w..r

b=
vy .....,.\.L.w.w...,...,”. P

3¢ 1

llllllll

stl

129!

cll



U.S. Patent Mar. 27, 2018 Sheet 12 of 40 US 9,925,335 B2

220

et

r o )
[
' .
P,
a, * ! >
' I,
3 + J

o
l"!'
Lo od b bl H

O
oC
=
[

200

Fig. 8B

|
|
. el ol ol ol o il el ol il A T ] '/F.’
) v 1.
“:E 2l * f
4 5 =
| I“I J
A e -

srsmermrn

........

. e

200
158
244
162
0

<
ﬂ-
i

L I e

e e e e e e e e e e e rEEEETrTrEE S A EEs T EEy BTN '

Al Al Tl o

Fig. 8A

200
244
162

150



U.S. Patent Mar. 27, 2018 Sheet 13 of 40 US 9,925,335 B2

220
2
242

e L ST ET T TLTE T FER T YN

7™
=
-y

L 8

L e ..Fr A

----------- R

e il el o g

.............................

- — -

158
244
162

150

200

oF I S el B I e e el B el B R L .'lﬁ""""""""“"""“""'"""' .'g .5,-... PP R
e e I o e ol ol 4 I .. .
.
.

) 1ive . " ;
A *d! ; ".d_'.-'..-..-..-' o e e o o e A i A S
- "r! L}

- T j
- ) y + ) A
‘m _l?""ﬂ'd'.ﬂ.d'd'.l'fi'.-".d' e n ! P o ol o i .
.- I |: -

Eaptizgll iyt i il g st e Al il

[Saprep——

" Pt a uT e e
WS

5
244
162

EIHS
E



U.S. Patent Mar. 27, 2018 Sheet 14 of 40 US 9,925,335 B2




U.S. Patent

400

i
::-_ .i:':"r'

T N N N N e N e e W N A N N N RN R M NN e
ol it g a B g g gl g o i it At et i i
[ ¥ L. .- 1
"’F'.: r' L it Sl T O O e Tl T il o e O Sl i Bl B )
r.i. ' I e e e e e e e e e e e
L X N L L EEE LR EREE

=

. 'IIII':-;IIF; ratelVada a e e i e e Pater a a e
o T s f.-';'.r-w-‘.'-'fﬁ'n-'.u.r.,."' r_,-:..-""'u"u"-t'-r-'. .
g e e e b b sk sk e e e e b e e ke e b e e e Jr b o sk kb e e e b e S b d e e e bdede W LA A ko d ok ok k ok d b Rl d d ok ko ok d kb I R i i
- syt e e wat ta , ',,-:; e P N Ty
* . e
_-.._}_W‘IWW.I".I".I".I".I"'.I"l‘l‘l‘l’l‘l‘r’l’l‘l’r’l‘l‘l’l‘l‘l"‘l‘r’l’f’f’l‘l‘l‘l rr ‘-.:'
Fat-" "

400

400

400

402

fffff#f#ﬁﬁﬁw

Mar. 27, 2018 Sheet 15 of 40

i L
¥ . ' .

Srp e ey
L"r":"-‘j' "J"ﬂ A A A A A A A I O A A O A A Ay
T _.:.“_' .-.-.-.-.-.r.-.-p.-.-\.-.-.-.-p.u-.u-.u-.u-.-.-.r.-ppp.r.r.r.r,r,-r’,dl

",
- mmmm

s 1-'1'1’1-"1"1-'1'?!'1'1'1’1-’1-‘1-’1-‘1’-’1-‘!'#"1’ 1'1-'1-'1',

':i-‘-'lh 1r ‘ ‘rlﬂ‘:’l ol ol ol il ddd-'.r’:' u‘.-' .; = dddd-‘l‘-‘- -
e ?" 'F‘.- (R N A ".-'.-'.-'.-'.-'.r'.-'.-'.-'.-'.r'.r'.r'.-'.-'.r'.-'.-'.-'..-'.r'.-'.-'.r'.r'.-'.-'..-.-'.-'JJ.JJJJJJJ;'JJ.JJJJJJJJJ;;.-'..-"..".-l".-l ‘I,'_..? i
T

US 9,925,335 B2

'!ﬁrrrrrrrn". )

* -
DAY
L ’- l‘--,. -'-’-u"-'-"—"-"-"-'u"u"f-’-‘-’.r-".f-f {:ﬂ‘l"l"l"ﬂ"ﬂ""fl‘rﬁ
.fr '.. . :H"'.i'-i'.|i'.|l'.l'.-'.|l'.ll'.|I'.i'-li'-i'-li'-ll'.|I‘.|I'-'..|'..|'..|‘..|‘.-|‘.|‘.|‘..|‘..|‘..|‘..|‘.‘..|'..|'.-|‘..|‘..|‘.|‘.|‘..|‘..|‘.-|‘.‘.‘.-|'..|'..r..|‘..|‘.-|‘.|‘.-|‘..|‘.-|‘.‘.‘.‘..|'Ja‘u‘d‘a‘a‘a‘a‘d‘.‘.‘a‘d’d’d‘d‘a‘a‘a‘a‘a‘. ..-'.. N i"l o st ™™ ™t ™t " i "™ ., L . PR F Ty
e WL ]
R ke e mm e R r G E e e e . = ‘.u—u_:,, ‘i-ﬁ -
T ',.J.-r.r..r.r.r.r.r..r..r..r..r.r..r..l.uJ-.F.l.J-..!J-.J-.J.l.Jl..-.-.lJ-J-p.J-.l.l.lm.l.-J-J-J.JJJJMJJJJJJJMJ-!JJJJJJM .r;‘._,. P A N R
' [ i} 'n 1
e L '..I' “ « FF

*

ey e Arier .

r i i pl i L I  pa R B l|.r" '1-5

- S " -:' P R o e e, .."..."Jf'
. a . A .

’ " .: A _;.. -}_
frl';*;r' L L ".T'." TP F 1 T A ¥ FEFYFFEYPFFYY TN F F [ l ‘.'-‘.'.'.'."-'-‘-'-‘.‘-‘-‘-'.'.' L] l-'-‘.'-'-'-l-'.'.'.l.'.'.'--'-l-';' l--‘:ll : lI I. H‘
£5 0 S L 4

n 1 r

:| rll'._ ¥ .l;.r.._-,."'rr'rr'r'rrrrrrrrr‘rrrrrrrrrrrrrrrr‘rrrr
J -r -
_-l.r.r'hm‘.l'JffffIIIIIIIJIIHIIIIIIJJJI'IIIIIIIIIIJIIHIIIIIIIJIFIIIIIIIIIIIIIJ';' 'ﬂ- A

_li'#.p'l-‘-i-‘q-"-i-"-l"-"-"-l‘q"-l"r"r'rrlrr Dl i e [l Tl " N el ' [l Tl e [l Tl Sl " ) FER R T, !ﬁ‘!ls
. r . "
: A
or : ::' II'F_.IF_J_.ll_.II_II_.ll_.i_.ll_.ll_l_._.ll_.ll_.ll.ll_.ll_.ll_.ll_.ll_.ll_.ll_l_l_J_.ll_.ll_.ll_.ll_.ll_.ll_.ll_.i_.ll
e A e A e A . o

B e e A P P P L P P A P R T L P PP P L P PP P A P B A A A

e _ _ a
]

g4 .

2 o

;’: .

' A aaaaaaaa a A aa s
Wil e N A A A AN N A N AN A AN R AR NN AR :‘:'#:":“?.":":":“:‘:‘:'t't“:":".".".":":".
A

A ¥k F b A b ==k k- ke bk k== kR F R Rk F L FF F

s

,.f’

- Fld e s 3 2 3 3 o a pn u o ny o o
T - '?-rrrrrﬁrrrrrrrrrrﬁ Ly
AV A A A AR RS AAS S A RE RS A AR aEm - . 'l.._ E r E ':‘I
..!";I';I‘;I'-.F..Fff#fffffffﬂf#ffffffffff..F‘;F‘:Frﬁ i’f -.:_- ,:__i_r ‘l!;‘r__ }Jf}:;rrﬁrrrr.ﬂ#:rrrr‘;.ﬂr Il', .rr:r,.-i".r.dl'.il'.r.r.r.r r“
- L - Y i A
... 'a - _.r_*' F n 1
e e L ettt e ,-"' A oo X
e A . D e i 4 4 .-,i!
. v ) g %A A
............................................................................... - ‘x e o A, Y .
IO S N R B I I N N O S r.r-r‘l‘l.: J;r !: i -",.r
4 F A A L
5 ? vk Q
‘ At - : I ¥
o o e b R A R A A A AR A L A i 'S g, . oy
e e i et T e e e e e v i il i Tl el T e e e el e L L ) .'.: .|I ol r :’- L - . ﬁ
4 v o _ a A &
: : 1 - 4
L i ! a k) E
PNy oty ..r..r..n*..-*..n-..r-.ﬁrrrrfffrfﬂ#rrffhnrﬂrr#; .P.F'N..rr. ¥ F '.l:. $ *
" ' ! TRt
d:-ll"-li"ff|i"ffffffffff#fffffffffffffffffffqﬁl" 4 3 '
. WﬂiﬂiffﬂiMinﬂiffMIﬂfff 'T"';F - _f..:_,l Fr :. I I |
ey i ; IFF;‘_l 1;’
K N NN NN B N N N Ny N FyFsssy rn' I':

[, . =
o

o a
--------------------- rr|'|'|'r'r'|'r'r'r o T T T e s e Dy o e o oy C o O .':;...'.._ ks F:";FF;fffffffmfffffffffwfffff ;;H'k
L e "'.".g_"'.'; I|l_.-__.*|''i'*..i-'.l''.|''.i''.l''.i''.i''.i-'.||-'.r'r'r.r'.r'r.i''.||'.||''.||''.r'.i-'.i''i"rr'rrd".i"r.i".i".i'
N oL P e e e e
.c'.._ .
] r:;f.f-'!""f ul;_-r1r1-'r'r'r'r'r'r'r'"'Fr'f"r'f"r'r'r'r'r"r'r'r'r'f'r'rr'r'r'r'r""f"i -,
" 1 e e sy e Ty '.'i"_ll.l'.r.r.r.rr.rrr.r.r.r.r.r.r.r.rrrrr.r.rr.r.r.r.rrr.r.rrr.ru"!
. -".' .
i
'
e R A A A A A A A A A AR A AR A
o ‘f‘f{{{{f{{-‘:":"f-".-".'f'f"'.'f"f'f'f".'f'f'f"'."'.'f'f'f'f'f':".":":"""."'.'f'f'f'f'f--':".":".'f"."'. et el sl o sl el S
1
1A !
2"
"i" Fr FEI T T T FFT T T T T - T I T FTFFFF [T T T P TFFFFTIF FTT I3 T FIT T FFFITTI R TTFFFFIRRT T2 "
o - P AL LA d A A A A A AN A AR A S A AN A A A AR AN AR A A A A AN AR A A A A A A A AR A Y AR A e AR A A A
i "

T M

Vo E e ey

L]

oS

4
e
*a
o
-'r-
T
"l .
“
“r
F
B
a.':}. .
i,
“r

'r'-‘ _.".! -

. "}-
B i-;

Tebtwhr

LE KK R LK KL KL L EEKLEEERK...L

1
LR N R K L E

" """ __'_.___'_'_'_'_'_:'_.? - _..I".i'.I*.I*.I".I"".I""."".l“'.l".i".i"ffffffff.*.*f.’.’.ﬂﬂfffffffi."%'
A N F RN EEEEFEFELFFEREEEEEEFFFFAREEFEEFFEEFEFEREEEEFEEEFFFEAREFEEFFFFF R F r 5
IR
e
T
. T L L T T T T T T D D T T T T D D D T e D D D D T e D L D D B B ] :*:':Efi""""" AASSASARRARAS SRS SSARAARRAAS AN
' v .
4 ¥ :
”*JFJ'JJJF.I".I':I":##ﬂ'.ﬂ.ﬂ'.ﬁ'l‘.l'.ﬂ.ﬂ'.ﬂ'ﬂ':ﬂ':l'.ﬁ'.ﬂ'ﬂ"ﬂ'JJJf'.l‘.l':l":l"ﬂ'J'JJ'-l'.l'.l'.ll'.ﬂ'ﬂ':ﬂ'iJ'J'F-J.i.ﬂ'ﬂ'.ﬂ'.ﬂ:ll'.lll'ﬂ'.ﬁJlli.ﬂ'.l'.l‘.l".l‘ﬂ'i.ﬁﬁﬂ:‘ ol I'
:-'-'l_'l_'l'-'-'-'-'l ='m -'-'-3-_'-'-'-'-'-'-'- = "mm' l_'l'l'l'-'-'- - -'-'-'l'l'-:-_'-'l"-_'-:- -:-_’-_’-:-_'l_'l_'l_'-:-_'-_'- - -:-_'-_'l_'l_'l:l_'-'-'-:-:-'-'l_'-_'-"-_- ﬁ :: : ! : :: : : ! ! : : ! : :: : ! : : ! ! ! : :: : ! : : : : : ! !t
Ju T A R I R AR O g P P P PP BB PP (™ T 7 4 e Py
Rt ™ . I, n
- i '-ﬂ- ) I;: r r{:: Il
- e - '.-"'.' .|"..*...-..‘.'_'.'.'.‘..'...'.".".'.'.'.'.'.'.'.'.'.'.'.'.'.'-'-'.- e e e e e e e T e e e e e e e T e e e e e e e e e et e e e e e e e b ﬁ'
;_‘IJ -H.I'rl' ilJ:#;’jjj.‘,'FIII"I""IF"II"""'FF|II"i""lFﬂiiI""If"ill"fl""liil'i""i' '.I'r'
N i A ': '
-

L
T

e,
T

it {

- wwr wrr - wrr -
b

r re rrr-ro
b

; E
4

e L {‘
a o g o ff:rrr:rfrrrrr*rf:w.): - & l:':.-_a-;_ﬁ_ﬁr_i-_-t::_ﬁ-_
o Teee A e e e e e e e ey ta
e o= o= F 4+ ++ + I N RN NI N TN N 4 J 4 & A&k Ak d Ak ok Ek - d ke s == ke = = = dd - l
el o St tet . B r'"‘:‘"d‘l‘l‘l’l‘l‘d‘d‘d"d'd'l‘-‘d"i‘.l‘l‘l‘ B ey
T Ny T T T T TR TR R R T Y Y T ' L ) g . ol x ! -"-" 1." I.}J NN R O s ﬁ '.'.!_':':':.:i:-:'-
LR AL ,.":.
R e RO - SO
'l - u . .-' 'IJ- L ] . l . . u . l . l l l | . . . . L ] . . . l | l L ] . . l . L} . l L ] l F
o o m TR w1 e o m m s e a s m a4 amma e
P - s 4 amaa
N ;H_T'J-‘-‘FJJJJJJHJJ-‘-‘J-‘JJ.-'.-'.-'.-".-"'.-'.-".-".-".-".'.-".-".-".-'.-'.-".-".-".-".-".".".-".-".-'.-'.-'JJJJJ-'.'.'J.-’JJJJJFJJ.'.'.-':--.r"'f‘.-"-"fr' a .I'_ . T R R st RanD
. -n.-.'i' F'_l‘--‘--"-"-"-"-"-"-‘-‘-‘--‘--"-‘--‘-- P N e A .'a'a_-_-'a_a-a-.-a'-'-'a'-'-'----u-a-a'-_-_a'-'.'.'.-a--_-'a_a-a_.-.‘.'a'aI ‘-'
"-l" T
r".. '-. i --.aa.;a....a--aaa....a.;--.aa.;a;...a-aaaa... .a.;-a.a...a ;.;.aaaa. '
i' bt R 'r"r"l"-l"'-l‘i- ++1++++1|-|'-| R N I M I S N N N M L S M M e ey ATy
RS T T T T T Tyl Ry o
L. J-_,:‘:-:J'J:_ oF- 'r ':.- ‘_,.' ‘j‘,.
" ] L) v [P
. L]
. l’i llf'ffffl""l"l"l'!’!’!’!’l’!’!'l'l"'l'!!'!'l'!'!'!'!'l'l'l'!!l'!'!'!'!'l'!'!' fl'!!’!’l’!’!’!’!’f"l’!!l’!’!’!’!’l’!’!’ l'l!'!'!'l'!'!'!'!'l'l';j.r-r J;ﬂl
,..f" . .F‘,."',.I' B e et o o L T L T e e T e T e e e e e T B T e e e e e T e T T T B e P W M P .;|i'"—"'—"—"—"-"-"'-"-"-"-'—’—’—’—’-’—’—’-"’-"’-"—"—’—’—"—"—’—’—’—"—"—"—’-"—" —"r‘:_'
" oL D
il S R ¢
. L W L
l‘r Ia. Fa N :" lal ﬁ #
. et e T T T e o T o e o o e T T o T T T T e e M e T T T T T T o o T T ey T el e e e e e e r r w e e e e T e T o T e T e T T . -
) I'_,.l'rl ? J’-E: 4 s mm.maa ..T: i dd.E a2 .= EE.EJEEdd Jd A EEEJ E A S - JE EJ.E.EEEJE 44 J 4 N EEEJE AN 4 .4 NN EJIE EE EJ I 44 EJ A aaa _J— __l.i I
o -
y 4 5 ;
v .
YRS v X
Y O ! :j
'p_'.'f- e R o R e e e I R e ™ ) ! .
: . :-J;;. .-
K] A [l
S0 . . ﬂ .
=. .. R e A e e A v
;"p'h am 1y . { A
r =, 'r'.‘-"'-"'-"'."'."."."'-"-"-'.‘.‘-’-"—‘-"-"r" -4 A
J \ ‘-_. l: Il
. - "
- T ety
lrl Ny f‘:‘:‘:" - J:.i" e r p; A f ,-

i 1
'|l | J'f
i"i"i"fi"i"fl"ff—
fff;‘.r'.r‘;‘;‘;‘ '

1
a7 I.‘*-
S -’#:‘ﬁ:‘:‘ffa’f-‘rr-ﬁ'-‘ffffq;:’:" ‘:":‘-‘-‘:‘-’-' ror i

I.l-ﬁ-'_l-_l-'_l-'_l-'r_l-'_r_l-J-J-J-'J-'_-_-r_r_r_r,rrrrp_r.r;r,r_r_rr_r_rrrrr&

f

Fig. IOB

Fig. 10A



U.S. Patent

416

414

e oF
A
A
llll" "a
o :

'.n:w-:-b_.;j..&

. 1.\;." o T e e e ey

s

AN

)
.o
]
"-
S
.
A
l'

RS
T A =,

Mar. 27, 2018

l.._-nn..-

) eyl
. -
R "..".-"-'-":"': PR

..-i" fr’a’f’f’r’-”r’f’r’r’fr’f’f?f’r’r’fr’fr’r.--’.r-.-".rj:

Jwr‘r#r######-‘##H#‘H-‘a‘-‘-‘-‘#-—h"

"..

o
.;,
4

' "u"i""-."l-

1

-

ST e T R L A

..-'-"""'.
? rrj-r'l’l +‘:-'_1 ‘i ‘.l'.

L o

Sheet 16 of 40

. T Y -- L .
T Sy 1.IJ-.IJ-
C Jl"‘*"'—'ﬂ'..’ LS ,
. '_.:_.‘.'-"‘ .-l"._.‘; -';H"'J"_,"':.qqq..._,..f_k:’____”.
_ ‘" . Tt
] .Ti"- _1"1. ) LI
G . . “ug o
. g "*'-"r"l'l:";.-' . -, -‘-_ .
) l|-"-J : .-I'_l_ ’ “I:*I"-rrl'lllii':- _1.._',;
- -
l;rlt-.l"-i- -!I-:'_l--_-l--_l-t_' . LI .’ -l’-’-‘l'_‘r-i' 'F
‘4#. e e, v Rl
. P N ol o .f.-" v . -. .- ‘_.'. . g
. ;.‘-'-"’ . M T e ‘. TI_
[ | ] -
-'F-I'F‘ . - .'I- i .i.. ‘I_ 'I-I
- . T - LY . | | 4
- .. » 4
i 'y I..'I.-l' . :i‘ ‘:"-'
-I-- : .I' '_l"-_ '!J.
v, T
LS 1 :_, -
o’ p Y A
Y ’ ‘; i
LN Fr . #Jff.JF-l-Frr e S -
- e e
A R £ Al
e 1‘ i
St Il'
W 2 d
i'll,.' '.i' .-IJ
- . - -
-': "-'. .:_
- 7. -
) L] -
+ 1 ..
. el e, ‘
o r r
T r':- : _:: 'F"l"i"'ll f_l'.i rF.ll'- e
- T o
L - et '
. ¢ a il
LT l_‘I_I.r - I . : -
. .-'..-"A.-a;......._.. - . ' ' .
: . ; ; 2
y ::: 7 . :: 2
a L . ) P ’
] e . - - >
. o : DT iy o Y
- - |l"'-|-.| - - ' - ¥
- '.F-".n";'-__,_'_.__._,. .
I.;. . F -.-.-f T .‘.- F
-— d- FF = - I. r.
g . N R A '5
" “m .p _"".r ."': i .'I,
e ) % r A 5
" & ’ i F - ':':
.. : L 'T' ) :"" L
1, ":' I; b - ' .
Il‘_ R I:-‘._ -‘1. :: #r r:
" ', £ Lo f*f?'”'::..
v, 51' -5 d_l.ll- o Il|- . e
o £ 2 PO 7 S
. - . 2 K e . "
.f‘ ' _-11“ _:I A _f L . e
R X r 1. r oL A - Sy
oA, s A
. o S .'. . ‘_.-‘ R "I. A
v % .
. .l'- . . "l . | .I.'l ) .'I- 4
e 4 . 2. A .
a -:P .r-...l'- .";,-'.'. . .l'.frl .':'I -.'r: .
_.I_ . -i:; --;_ _-r‘::‘ - . L .“. -
DI TR ot i LT - '-" ."ni -f . -'1:‘ ’
'.‘ll ...:._' .' 1{l. ' -"-f :-... B - II .-1 .
* .\'l:i‘ "‘I'l--- "'i'. wt? Jr; #‘I,i F
. T ) Ve -t . W e mm e
" -r:::-‘: o IF."'.l,ﬂ‘. . .'-'r:F ‘F'-,""!‘r L -‘:.:‘ A ":l::".',:"-_ S
R T - ""-._,, . e T A e I ey
Ay . L] Pt T T
e S L s W v A
. f.‘,.;:,.J LS o R
a - -.F -‘:’f_f '
s e ra

] ""F-J'..F.d'..‘.. -
._":'d- N

418

418

. '- ---
. . [ ]
’ Ch 4
| | r
y : A )
- :r.J.'.J;.r:-_'-? ;: .
' ) Lo ! '’y
R E 7 303
- et R
2. - :I -":F - . I-:I 5 ":r
S0, DA . o - ¥
. A . d i - r
AR I . i PR
jr ) . "'- - ._'._'r F M - L. '+"fiff""ifi.‘.l_._...l..lll'
- R I Nt 7 1 1§ i
L Il|II_|- ‘F |:_ BT e T T T e T T e p‘: :-" T;
" Lo i * RLPY e
1 I_jl" : , r - . e
. i: a 2 LA o Rt 4
* LR , r . ot R
F‘ . ,J' r . IJ - n . . ||‘. » If'
J [ .: A |IF L 4 LI 1. .
. . . . r o mT -4
::: LS .': . ) :ﬁ’-"'. :::
". . .-{. . 'I |; o A~ !
) . K L 1 g ._5 . x
7 % L% :* ; AP
ﬂ # . -4 * 4 :: T
A %k : 3 ;
% Y n, 3 4
Py ) " 4! -:! P j ri
S L R ' i . - ‘._1'*
s ..ﬁn ) 7 " j X
-'E' t - ..' ._',r .: i
Fa Y ‘s ', g !
" R . R - s
4o o T Ty, I L
e . [ ]
’ 1‘ ..F‘; .-:,- -';_; _: :::
= R AP - o
1 e ¥ y
1 - a » - L] .
S I AN . y
b N S S * :
T L I:r Jlf ) : I'| " . " {_
- :; ) _ B b LA A
% T ;
oy e e 3 »
Ao, ™ . ‘, i .
.J"". L ot . l:.l . l:! ,.?_._ ':f
o o " 3
rr ._.I"-_‘!’J- : 'ﬂ"-_ '..h f‘_.'.' _..fil .
‘I', s tr T - . . n
A fa, L L
W ‘; - ) 3 -.;: -1‘ “
*l:.',- % '-"_l' . ot T - '-"-I",q___ . "r
T, Ta '1"".-
'::E,.'.- - -*_-r' Wy g T R o A A A MIJJJJ_FJI; AR r_r;r;r;r;r;-‘! :
TEA Y '
o, ..l".r:f_.-"'. I
LI ]
A, L
il . _,r-'. .
-‘- I :.T..:..:..:.T..:.T-:.T..r.T..r-.:.T.T-T.T..:.T.T.T.T..:.T.T.T.T-.:.T-T..:.T...'.-.'.r.1.r.'.r.'.1.'.'.'.'.1.'.'.'.'-1.'-'.'-'. F - T . r - | 3 . | 3 . '_ | § - r_ | 3 - n . | 3 - r - r - r - | 3 . r N l
o T o o
SR R R R Qe U JEsgs gy gy N e RPN .
’ 'r'.'i"'."".' bl - ‘."".}:r:';’-r'
""""5' m.a-...-,.:;,-_ .
...ﬂ"ﬂ.r""'r”*' e s o4 R aadt i
. SRR e
. i |
"’.n-}.
Sl
R J-'
x;r
il ;;;;;&H-F-!*-fwﬂ ',-l‘;-l;-‘ .-::‘
S R il v P |
T
U
I'-
e
fffﬁly_._._.. o " fr' .
A W A A - ..
rrr-'{ij-#‘r
E
%
. %
¥
- '.F.F.Ff.-' F
SR m';;::;ﬁ' LRI s, .

-'h-| +*
e
0 n et
Ll

""‘:'.{'“-‘
e

R e S S T L

. i; .'?
5 %
d;l Pl
¥,
ey
: ..5.-'_"
L,
S
o

: -;,:ﬁ'}f{-'" - ~’: ':"'ﬁ-:”-"-'.'&-b-‘ufm

- -

¥t

£t

- 'f'n'u"':"'- R I - Tkt
L .-’-’-‘"'. O o N R A o i s o momm n . it *""-""’-Jmﬂf' ST
. . aa "'.""E"-rr' .-".d-'.d'.d'.n'.- .

Ry {-‘.’rj‘r;;'.:,fﬁ-sm

US 9,925,335 B2

Fig. 11C



U.S. Patent Mar. 27, 2018 Sheet 17 of 40 US 9,925,335 B2

-
L)
L)

FIG. 12E

:—ﬁSG
N
514
716
710
) .

F1G. 12D

520
40

ey P

FIG. 12C

O
-

)

N iy -

, o : (e
, " \\
T . - i f .

:
‘* = VRN - <

= S 1 S S N i

FIG. 12B

12A

FiG.




U.S. Patent

400

400

4()()

400

Mar. 27, 2018 Sheet 18 of 40

670
716
710

. o [} . . .r
. LR | ] *, - K r
- T rararrprarr-1arrr-arrr - arrRr - rrrr i rrkriarrra-adgrararrar-dbrarrararr
1. 5 - o - . S - - . - 3 -
;- o ki, sin . g, g i e e e pine i o, ) + "=

+ 1 + = 4+ 4 % + = 4 4+ +F = 4+ + F 4+ ++ F - F++ + -4 F+F -4+ + m 1 F =4 %+ =+ =+ + =+ FA4 + =+ + = % =+ + = 4 = + F = = + 4
" r - -

I. ++F A4+ +F -4 F+FF -+ FrFrF -+t + 1 =4+ +1F -+ +1 = EE K BE K BCEE IE BE BE 2 H 1+ FFAFFFF - FF+F -1 FFF-1 7+ = -
+ .

402

L]
-

E b b

4 + ++ F 1
L]

F

""IL

-

-

- + I+ 9
1 W

T

- . - o h AR AR AR
': “u H‘ 1"+:+'+"-"1"+"+'+"r"-"+
S - [

oA '

+5 i1 mﬁ 4 i . it . . it [ |

' :F! o iiiiﬁjaﬁiiilﬁ“ﬁ ST
1 T T .

b =+ + 4+ = FFAdF A A FF - A FF - dAdFFFE - FE

T u : """" . . IFEFEIRER RIS R INFFNEE R FEN S FNNE R RN R BRE R RE BN R ot el sl st
. Bl - 4 a a b - a0k d d m d Ak ok . k| ok ke k k| 4 Ak ok d om d ok d ol k d ok ok d ko= ok ok d ok PR I o o o o I e e e PR -
v -7 : i . = . Y T
1 -_I' -' I++++|‘|+++" * 4+ 4+ Fd +4+F+4d F+4F+FF+=- A4+ +F =~ AF+FF+F =-AdA+FF+FFF-F - FrEF A - - ++-|‘-++‘-+|‘++-+I“|+-+_“|-
o 1 e - b 4 _h * L -
. h‘d__-. ﬂ'j'ﬂ'Jffmfffﬂ'ﬂfﬂﬂffﬂ'ﬂ'JJHJHﬂ'ﬂ'ﬂ'Hﬂ"ﬂ'I'ﬂfﬂ'fi&'ﬂfﬂ'ﬂiﬂfﬂ'&ﬂffﬂﬂffiﬁﬂfffﬂ'ﬂ ﬂ:w ‘#"{{{#{{{ 1-'-.- il i il it i il i 2wl aitad il 35 =3
; i S e ot i it ot e
’ - - L T . " “m L

' - . - N '

-
—
L

-I;. e e e e e e e . e e e e e e . . e e T W P P LR R L L L L R L e e N ll'-ll'#'-ll"#'4!'1-'4'4'#'4'—'-'4'4"-
FJFF#FJF-‘JP-’FJJF?PJ#F?JJF#P-“J#"-’JJ”JJJ”FJJ‘JFPF#J”F-F-F"#J-FF#P#FJJPF?-‘-"F‘PF‘-"#F!J‘JJ‘PPJ‘J#"-"-l'-'-"ﬂ

.

s as sasas s asmasassa s sass s asn s T s as sy s asa s s a asa s s a s s s s a s as s assa s as sasan aTa e ma s A e s Eaa s mEE e ae e, ot =",l.'
e S R L L L T T R e L -
A ol Al o o o ol o ol o o o b o (s i
R : g :
r ; ..l'".-l"'..F"..F".."'..F".-l"'.-l'..l"'..l"'..f..i'..f.-f..l'"..f..f..f..F"..F".."'..f.-l".-I'".F".F"..f..l"..i'.I'"F..'J..F..F"F.F..".-l".-l'Ffffjffffffffff!..F"..!".."'..f..l".-l"'.."..f.."'..f..i'fffffffffffffff;ffffi.’fff‘fffff..r; F P
4 4 -
j ""J_","'.|I"-l"-n"'.|l"'-I"'.!"J".|I".|I"'.n"J"-l'"-|l"'.|I"'.n"'-l"'-I"-n"'.n"'.n"'.|l"'.l".|I"'.n"-n"'.n"'-"'-r'-r"-r"'.n"'.l"'J"-|l"-|l".p"'.I"'J".|I".|I"'-n"'.l"'-I"'J"-r"'.|I"J".n"'-l'"-n"'.r"'J".n"'J".!".n"'-l"'.n"'.|l"'-|"'.n"'-l"-n"'.n"'-l"'-r'.l'".r".n"'J"J"-l'"-n"Jff.ffﬂrffﬂ'f.ﬂffff-n’fffﬂ'ﬂrﬂ'ff F g
; i 4 " i
. _"'.;"-:-"J‘-i'-ﬂ"ul"-i"J‘-i"-n!'-n!"-l"-p"-i‘"-nl"-i"-l"-i"J‘-nl"-ﬂ"ﬂ"-l"J‘-n!"#-l"-F'J‘-r*-rl":i"-l"-p"#‘-nl'#-"J‘-ui"#-i"-"-rl"-i'-i"-l"-i"d‘"-u-l"H-i"J‘-n!"H-l"-"J‘-i'#-i"-ﬂ"-|l"-rl'#ﬂ#ﬂd’#ﬂ‘d‘fﬂ#ﬂﬂhﬁ#ﬂfﬂmﬁﬁtﬂﬂi' C i
43 . s 4
A ~
j {5-*-*.-’..-"..-"..-’..-".-’..-*..-*.-'..-".-’..-"..-".-'..-’..-’.-"..-"..|".-'..-’.-*..-".-".-'..-’-".-"..F‘..-".-=..-".-"..F..-"..-'..-*-".-*..-"..-'..-’..-"-"..-"..-’.-'..-’..-"..-"..-’..-"..-’..-*.-"..-’..-".-'..-"-"..-’..-"..-"..-’..-".-’..-"..-"..-’..-".-’.*a*i-’-"*‘*.-’-’-’;*.*ﬁ.-’-’-*.*ﬁ‘ri-*.*ﬁ.*‘:: F ',j
" 4
4 ,-‘f A " F,
’ B of ot o pF oF oF o ot oF oF oF ol o SR oF o oF of o ¥ oF o o oP o o oF oF oF of pFal oF o of ol o oF oF oF i F of oF o oi o o ol oF oF o oF o of oF ol o ol off ot oy o of oF off o oF f oF ol ot o o ol o o o ¥ o ol of o oF o oF oF oF ol pFel of JF o o L
4 r FAPES, " 4
:; {r_ i e’ " e " e e " " e " e e " " e e e e e e " e e e e " " e e e e " " e e e e e e e e e e e’ .: |:r=r :: ;ll ﬁ
P A YR ? :
r - ' e T |
j ﬁ‘r.".ﬂ'ﬁf.ﬂ'fr.ﬂ'r.ﬂ'frf!’!’.ﬂ'."f:’!’.ﬂ'frfﬁ'!’f.".I'.F'.F'.F'F'J'IIIF'J'J'I!'II’J’IFFJ’IJ'.F'.F'.r.r.r.ﬂ'.i'.!'rr.‘.‘f.ﬂ'fr.‘f.ﬂ'fl’.ﬂ'f.ﬂ'!’frf!’!’f.r.!'.ﬂ'.ﬂ'ﬂ'.f.!'.‘.ﬂ'!'.r.l'ﬁd ‘ll fil ﬁ
; Lk A
i "..f_l..l'.-l".-I"..l".-"..I".-l".-l"..l"..l"..I".-l'.-I".-l"..l"..l".-I".-I".-l"..l"..".-I".-l".-l".-l".l".-I"..I'.-l".-l"..l".-".-l'.-l'.-l"..l"..l".-".-l'.-l"..l"..l".-".-I".-I'..l".-l"..l".-I".-I"..l".-l"..l".-".-l"..l".-l".-I".-".-I"J'.-l".-I"..l".-"..I".-l".-I"..l"..l"..l".-l'.-I".-l"IIJJIIIJJIIIJJJII;‘JJIFIJ: F: ﬁ
o’ "y 1 ; i
. a
o+ _r-c'.".l:...-.-.-".-..--_-_-.-.-.--..-.-.-.--".-.-.--.-.-.-.-..-..-\..--'.-'.-'_-'_-C-'..-'.-'_-'_-C-'.-'..-'..-'..-'.-.-.-.-..-.-\..-.-.-.-.-\..-.-'..-'.-'.-'_-\'.-'.-'.-'.-'..-'..-'.-'.-'.-'.'..-.-.-_-..-.-.-..-....-.-.-.-.._-\..--.-.--' A F-"'-".-I‘".-l"'f-l‘"-".-l"'ﬂ:l: ﬁ
5 _F‘-.-. .......................................................................................... B " F il ﬂ
$ ﬂ-I-"I'F'I'I"I-"I'I"I-'I'F'I'-'I'I'I-'F'I'I'I"I-"I-"I'-.I"I'I-'I"I"I-'I-'F'I"I-"I-'I-'I-"I"I"I'I-"I-I"-.I-'I-'F'l'-'I"I-'I-'I"I'-"I'l'l'l'-"i'i'l"l"l'l'l-'l'i'l'-.l'l"l'l'-'l'l"l"l"l'-.rl'i'i'l'l'l'fl'l"l'f; F i
- R Popt il g e
4 .E.‘“‘!':;-".-T-'.'-".-‘T-".-‘T-T-"-‘T-".-‘T-‘T-"-".-".-‘T-‘T-'.'-"-".-‘T-‘T-T-"-".-‘T-‘TJT-'.'-f-‘T-‘TJT-T-f.-‘T-‘TJT-‘T-f.-".-‘T-‘T-‘T-'.-"-".-‘T-‘T-".-'.'-".-‘T-‘T-".-'.'-"-‘T-‘T-".-T-'.'-".-‘T-".-‘T-T-".-‘T-".-‘T-T-"-".-'.-‘T-‘T-?-"-ﬂ-f-f-?-"-f-‘?—‘?—?—f-"-‘?—f#-?—".; priaat ettt et st S 4 :
.'
$ _A:',.a"'.|"'."-l"'.l"."'.|"'.".|".F.l"'-F."'-l".F.l"'."'."'-l"-l".l"'.l"'."'.|"'.|'.|"".l"'J"-l"'-l"-l"'.l"'."'-F-l"-l"-l'"."'.|"'.|".F.l"'."'."'.F-l"'.|"."'.l"'."-l"'-l"."'.l"'.".|"'.|"'."'.l"'.I"-|"'.|"'."-l"'.l"."'-l"'."-l".F."'-F.’d'd‘i".'.’u'd'i"i".’f”ﬂ".rf”ﬂ'.'fdﬁ'fi E;:‘.::f::r:f ! .'j
r e T TS S e T - . o
j ﬁ_.r,.r,.r_.r_.r_.r_.r,.r'_.r,.r.r,.r_.r_.r,.r,.r_.r,.r,.r,.r_.r_.r_.r,.",.r,.r.r_.r_r,.r,.r,.r.r_.r_.r_.r_.r.r_r_.r,.r,.r_.r.r_r,.r',.r,.r,.r,.r_.r,.r,.r_.r_.r,.r,.r,.r_.r.r_.r,.r,.r,.r,.r_.r_.r,.r_.r,.r.r,.r,r_f_f,f_r_r,r;;_r_rr;;rrf;;f_r_r;,.f; "';'F.p':':l'-..;'J’J'-J:':';fffx;fffﬁf;fﬁxfffﬁ;ﬂ:‘: F_-.,-r-'-r-'-.,-l,-l,-.- 4
4 e I I I O A B e g g fr i gy e o
- J'.':!-.-"_-f_-'.-'_-'.-".-f_-".-"_-L-r.-f.-f.-f_-"_-'.-f.-f.-"_-r_-'.-f.-f.-f_-"_-\'_-.-':-f_-f_r_-L-:-f_-f_r_-L-'.-f.-f_r_-'_-'.-f.-f_-f_-".-".-".-".-f_-f_-".-'.-".-"_-"_-r.-L-f.-"_-f_-".-"_-.-:-f_-':-f_-L-r.-r_-f.-r_-f_-f.-':-".-"_-"_-.-".-f.-f_-"_-\'_-'.-f.-f_-f_r_-'.tfxmg
I:' . &fﬂﬂ.".—r-‘.’-‘"":-’-‘a’ﬂ'-‘-‘-’.’;:.-'-r.-r.rr-.‘-’-’;J--’-"J’J.—'.’.’J.".—'.—‘.’J.’ra‘-.-'.-r.-r.-'.-r.-'.-r-r.-'.-r.-.-r.-r.-l.-l'.-r.-l-l'-l.-r.'r.-'.-l'.-l.-r.-r-.‘.‘JJJ.-.‘-";’J-.‘-"-"JJ-JJJJ 7’

T D L D I T L ool

b L Lkl LLIELILELREG. I I LEEL S I LLEL - 0@ LBLEEL [y L LL Ll ELET . LERLDSE .0 ELILEL 2B EITL b ESIERLILILRES-HLI1LEG T I LEEL - @ L EELBEILLLL

— ‘.q,.-“l-

-
.. o
-

ol .
] ‘ “
. LR EENERL YR RS L

11

y

! T S
N L] L I..-J.
F . . iy -
:'. ! " - r—'-'-."'r'-- * R +—"—"’-'"-. ! -—tm D ~ —— - S -t _.rlz'l"" ": -
" :P e R g i Y Y M -
Il.' lh;rrﬁr ,_-_-‘_".'IH.r_- F'-'"J "‘Hr_- -'_-I-_I’IIHI_- I'F'-"'J‘ "H'_- m— .' _F-Iwr.
N e PR L N e - o LIl g - e "*.'u-'-'.!'.;-w#
1, P T . L . oy T o T - ma AT . o
N, _.F.?."..‘ " N . el e e F
|" . . '."ff!.—h" __._.__;.rm""‘-'— _-,.Jrr.rn.""'-' F_' o ‘__'.rrﬁ-." . - m"-ﬂ"’r
= o el e T =Y b g BT e ;;,‘;:E"W Pl et A
:. "_" b - 4 +='I‘-l_'r'-.;- Y - S o — ‘ S
i:' r_l::l'-l“j'-;.r. . -_:'5!11'_ ._t':':'l:r"-" - ' - B
. = N, .
o il ] r
. il L
Y s ' 4
==.I'-"#ﬂ,“:- Fo_ el

HF'W;;?;?:_EIT:M"" o

= r l-'i-"-i__"-'p' T Ha — j g '

- _. - -

= .
- "r'?r'r'lr' D A= e e T . i al A [}
e A L R Y A RN S

s J"Fl,_ — o —ra  — it

N e ™ . ]
e e P L P
-— T = -t —— " -

- r

- - — - —_— Y
_,g__":w e Lt g : L o

I : "
- ¥ -
gy L +__.___..-_.F_-f.':.".' ) p—— L .‘J}J' "‘l-‘- ' rmwa s
o a s r'r'._J','-I"-J-ﬂf' hoa 'J'F'ﬁ'r"—. -
- N .*-.' e -_L-r-'-p_.-j . ‘!L_'-u.!
- o "

L rE
. - prw-al - rawuta
T A --.J._p--"l- R | -

.
e A o

- “.-."'l"'l""'"-‘-"

4

- ——

-Fl.-.-_l+l+'|+!+ll

r.ﬂ'_’:ﬁ .'.'.-"-.r"-"- f’

e
Y
ErL Lk A

Y el + 13
o, . _"._u-f'..f'_'t-f'. ‘_.'fl-"":'r’ﬂi‘._-

v -y - - el =T ey

r='s" ¥ )@ EF 4 FIENE + rea
. = . P om .- -4 . - . .p-’. o . -
R N, . _“__”_,.1.,.;:1-: SR __..;_.T R 1.--_.l_.l"'_"l"' ) __‘_j_,.r.-r..l'. e T .’f.-l‘f . _..-'-.-'_.F"

Lo s R L A o i
[ - - o
t, o i et A

- . - - ] T
! Y f‘ - - fﬂ'-{-.a- r L o L3 f-rl- l-.-., rw-
’ ki e ity N el , o
R et Lt wm

US 9,925,335 B2

Fig. 13B Fig. 13C Fig. 13D

Fig. 13A



U.S. Patent Mar. 27, 2018 Sheet 19 of 40 US 9,925,335 B2

..‘.ll.-'.-'.i.J.-i.J.J.‘.JJ.‘.‘!.J.J.J.J.‘J.J.J.J'.‘!.JJJ.J.-ll.l.l.‘.-l'-ll.‘.‘.i.J.J.J.J.J.J.JJJi.‘.l.J.J.JJ.J.J.J.‘JJ.‘.JJ.J.J.J# FJJl'.-'.-'.J.J.i.-ll.-li.-l'.-l'.iJJJJJJ.J.J.J.‘.J.JJ.‘J.JJ.J.JJ.I.J.J.
ot R i i e T N ?.ﬂ.!'.!'.!'.!'.F'.!'.l'.!'.!'.!'.!.F'.F'.F'.F'.!'.F'.F'.l'.!'.I'.!'.!'.F'.F'.!'.F'.F'.F'.F’J’J’.!’.!’.!’J’.F"J

) . i
FrFFrFrrd I Fr e ey £ r L r o Y
No | - A | % o, :
- : - e 3 r .
e i __’-':'I':':::f_:--. _EJ_EJ__;J'.F;’T .'-d'-"-"-"_"—"—"."-"-"-"_'."_"_"_"-/}'—}-’-"."f—'-‘-"-"-"-"_"—" -‘--"-.l"-"_"_"_"_"-"-"-"-"-"-‘_‘_‘-"-"-"-"-"-":'
| ‘ P EEEEEEEEE R R EREE : s I,r.i.l Pl P A W Ay S W W Iy PR A
_|I:'.-l‘_'-l"IJl'|.ll‘ .|,l" ﬁl’ bt bl ol P r ol f -}f’!'!!'_-:fﬂf_iﬂ et Iﬂﬂ!f!f!fﬂﬂfﬂfﬂ
|.,= : L I ] J.l.l.l.l.l.llllllllli{ll‘jl B oEd d A8 AN illllil.i.i.i.i.l..l'l'l'-l'l’lj.i..i.i.l.l.i.l.llli.i.i.i.i.il.i
fffﬂﬂ-rﬁ‘.r,rfw#.rrﬁ; Y ,i.‘f‘fﬁ'ﬂﬂr'fﬁr; H-I-J-r-r-rﬂf';rfgr I A S R R,
" B e i ;rrrrrrrlr-l'rrrrrrrfrrrrfrrrrrrrrrrrrfrrrrrrfrrriﬂ.
rrr#-‘-‘#rrddrrw P , ‘
] ." 4 -0 '.. i F,’_F.f. F J. r "
i e & e e ..
[ ‘:I : jﬁgﬁﬁ'} .-:.-':-:'.-j.-;:lr::#ﬁ.-ﬂ#.-.f.d.i.-'.-.-.-.-.-r.-'.-'.Jl;-té-'.- .-'.-'.-.-.-.-.-..-..E j L :':':':’:’-’:-':-':’:’-’.F.F:':'.-':-':-':-':-'.F.F.F.F.F:-.,F. .,I':J-‘. :- :- ﬁ
s ' FR ] ; 1 * ¥ i R S a"
-ﬁ i o L X [ ) r P FA A o S
' . a4 ! - [l L ror ¢
. ST, ...,-" -_{- -l--.i-----.---------.r e R f T N ;., .
e pa'als'n e’ et sigty R B S e A S RRPURIPL S 8 £ A
II\.G . :. -;. ¥ o f' fe .i F $ ; ; f e o o - .
d i P ] :| A .I‘ !
* -.-'_-'_-.,.l-_J-.4-.J-'.F.J-'_-.-_-J;r_-r.ﬁ_r_-.ﬁ.s.#_-.,-_r_r.r_-_a_r e ﬁ,- .|l [ -, : .
L] e _'.l:..l'.r' o f,.-..r..l-..r..l-..l-..r..rf.r FEFE R R E N R R R EEE R TR e
warrd -'"-'-'-'rr,r:-:-:-:'.'.'-:-’.-'.r.r.-:-:-:'.'.'.'f".". e .'.'.-:-:-:-:-'.-:-'.-'.'.'.'.'.-'.'{-'.-"r. A N X
:. ey # _—-.-..r.r.rrr.r.r.rﬁ{.-.r..r..r.r.r.n-.-.r.r.-..-..-..r..r;..-.f..- .r.r.r..-.-'.-..'.f.rr.r.-.nr.-..'..l..'.if' ..-F..r.r.r.r.r..-..-..-'..'..-..l'i-.-.-.-..—.-..'..l..'..'-F-F-'-F.rr-'.r.-'.-'-'-'.-'f: - .ﬁ
r"r'r'f'l:. ¥ f. il L L il i d i F LA g L bt o Ll I ol sl al b o D L
':.’JJ.-'.{.F.F.-'.F.F.'.'.-'.-'.-'.-'.F.J'.F.F.F.J'J'.'.f.-'.J'.-'.F.J'.J'.F.-'.F.F.'J I .F.F.F.F.-'.-'.-'.-'.-'.J'.F.F.F.J'.-'.F.F.-'J
e e ..1’.«.!.-..-..-..-'..!..-'..-..1..-'..! A G o
. . [}
== ) e -
j . L -
L]
= s m mmms s = s N mmEmmEm N NN EmEEmEmEmEE NN EmEmEmmEmmE_E | _u_I Em mm m N EE s N mmEmmEmmE | = SmmEmmmms s uwu uwl
-'.-‘ e .-f '5_' N
-r'r'r'r'r'-"rr'r'r'lr'lr'r'r'r'r'-:r'-"-"-"r'r'r'r'r'r'-"-"r'r'-"r'r'r'r'-‘r'i"fr'-:r'r'r'r'r'r'r'Ffff-’r’-‘r’r’r’r’-"-"fff-’rr-{ SR dRdd il s dddd Rt ddld il it dd gl s i

’_f‘?‘ﬁ"fffffff.-"'.-"'fffffffffffﬁf;"ffﬂfffffff.-"?‘.n".n".-“f.n"ffp"‘.-"‘.-".-"T.-".n".n"f.p“Ffffmffffffffmfﬂ‘fffﬂfﬂ-

;J"J'.F.F.FJ’J"J‘.I'.I'FJ'I.F.FJ".F.F.F.FJ‘.l'?J"J"J".I'.I".F.Ff.r.r.I'J'FJ'I.I'.I'J’.F.FJ"J"J'.I'?J"J"J".l".l"ffffmffffffffmfﬂfffﬂrﬂ' ARSASS A AR LS AR R AR RS A SRR RS AL

F r
d a
T ST NN R SR L SN T R T R S S S NN S R RN SR T R T R S TN NN I S IR L AN TN T ST R RE N | Pld ke e
4 i— LN h
1 - ! r
1 r; F e N N N N W N e o e Y N e W W ey N e W W W WY ;
4
: fr.:‘--‘nil‘.l‘l‘-‘l‘-‘-l-‘-‘l‘.-‘-‘l‘ll‘I‘-‘-‘-‘-I‘l‘-‘-‘-‘I‘l‘lnil‘-‘.-‘ll-‘-.-‘-‘nil‘.l‘l‘l‘I‘-‘-‘-‘--l‘-‘-‘l‘l‘lininl-‘-‘.l-- ---l-i.d..d..l.d-.i.i-i-l----.l-ﬁ-l.i.ild..d..l-d.-lu.!| :':
. i .|" +
e e e e e e e e e e e e e e e e o ?
= ' * f
1 B T a "
<1 o . ¢
N I T I I N I I I F I TR NI AT TS FEEWET T ST, ——— — ﬁ
1 ) rr e
1 : 77, T
4 lrlrlrlrFI'rlrlrlrlrrlrrrri'r"lrlrlrlrrlrlrlrrr??lrlrlrlrrlrrlrrrFI'lrlrlrlrlrrlrrrrr?lrlrlrrrrrrlrrrFrlrrlrlrlrlrlrrrr"rrlrlrrlp I I-Il '* rl':l
4 . n [ ] [ L]
1 [ L4
: 7l bl L
o o o o B ’I
: -qh .: rr w
: .r’..r’.r".r".-"-"u-:'.-:".l".-".r".r'.r’.r’.-".r".r’-"-".-".n".n’.r".r".-’.r’.r’.r"-".-".r".r’-"-".-".r".r:.r’.r’.-"a":’a":"."u"u’.ﬂ"i.-:'.r’.r’u-"-".-"-".-’.n"-".r'-r'-:.r’.r".-".r":’Fu’r’-’-‘iia’u’a’f:’?fﬁu’u’r’:' "~
‘ " v o yu—
4
P e 3 g - frmgr L
'1 f"h‘l'l‘l‘l'l'l'l'l’l'l'l'l'l'l‘l‘l'l'l'l'l’l’l'l'l'l'l'l'l'l'l'l'i'i'l'l'l'l'l'l'l'l'l'l'l’l’l’l'l'l'l'l'l'l'l'l'l'l’i'l'l'l'l'l‘l'l'l'l'l'i‘i‘l'l'l'l'l‘l'l'l'l'l'l'l’l'l": ’.ffff:'f:':'fr_ O ffr.fffrrf_ :’:F:F:'ff r: * *
: i Freroaodrr
a - ]
. "f‘l'i'fffl"ffffI"l"l"i'i'l’ffffl"ffl"l"l'ffffl"ffffI"l"l"ffl"ffffl"f"l"l"l'ffffl"ffffl"ffffl’fffffrffffff’fffffl;l - 'r-l-l-l.--l.-.
,vmmﬂ
4
. [ ! fr
E"WI
! R A Rl R i Ll R Rl R L Rl L i d il i
.r' B .
it e -
No ST .
o [ - -, e
e il RS S R P
- . - - . * . faow,
. w + B A Y | | -
L - + P Rt - “_l:* .-" .‘J_
-.Jl + |. "‘.II- !' .\‘| ) Jr F-I
._.-"':_,r- mp e, a -, fl.:.'ﬂ- r .,
+ _'Cl_ =" " T L -l‘ |F '
* " at . i ar f'r n r
- - oo el - - - 2 .s Tt 5,
.._J - |'||." g.‘. . .q.J i E' ] !“ .1!.
al s - S e 1 "
-, . L. . '1._ . 'l_ !'I' P 1 '; HL
. n, . . 1Y ! ::
I.ﬂlll' f I|."'. “r " n i 5 F’ﬁ | ! 1‘
£ : .. et -, = - I'i-l' L )
N .- ag. . ' 1
S i S ; 1 1
i [ = T .l..-____. 1 F | Y :
N ' N . . 5 s, 4 L - .
E r r o - . . l".. - "y Il r o - o I‘-'-le- "
L +! E L T - r " .II r rr il ) I| !' b -+
A - A . . . .- - e " 'y F "I
o " o . 1 1 - 1 III':: 3 v I ﬁ 4 i :
R B e T VE g ik ‘ R —
e ! ] E . - .' Ir [ ‘! s r |! ; ,, Il- II .. I
' ] 1 | n I’l " 4 1 - r 3] R, I_l =
:'. . i R o ¥ 1] K - r
¥ : S , p P \ o i oo
n .
'5- 1 L= "i_ - " 'r X 1. N - - ' |I »
[ o - A » r - a1 " -r # I
e . A -3 - ' e o
] ] < an ] a ’ 1 ol - .
HF{. - ., '.I_. 1---""_..-#" 1." r‘l. :' .II FJI K -.' L] r:ﬁ:ﬁ:ﬁ.‘ﬁ.‘_
., n ‘o . P P ] ,I: : i
r [ +* ] L | r e
. ) - - ; S - #
iy . . -_' ’ L',lr_-l'.' . g ) ﬁ
S s i F g - o )
LN S A A7
ey . = - - @ .-":.-':':-' ..-' X _-,h‘ N
e Tam am » - - r.m -
L F . ot ™ £ R e e e e e - o o s i,
e s 1 '-"'J-'--' e T T e, ,,",C
w e « x ﬁ o g
'..I ‘o I ,.p'r:_ ) . S -
el R S o P '
e s s - @ -~ ]
"rrEEmy e ‘wJJMJJJJJMJJJJJJ-FJ-"MJJJJJJJﬂ.ﬂ.-J#JJJJJJJJJJ#JJJJJJJJ“J##JJJ'”J .." r-L#JJJJJJJJ#JJJ#JJJJJJJJ‘ T
gl e sl s, il e b min e _nionie, uin i ie il nin alle sin, nle. nb in. e el niln_nie uk. min. sin e e il ok e _ninaie, sl mi i aln Fy ™ Fy -IIII-I----I-IIIl----l----III--I----IIIIII----IFFFFIIIFFIFFFPIFFIIIF;;:

i ] .
" .r"}: r.r.r,ﬁ.i.r.f.r.r.rr.ﬂrr.r.-'.ﬂ.ﬂ.r.r.rf:r.f.r.r.r.r.ﬂ.#,p'.rr.urr.r.-".r.rr,.-'.-'.-!.ﬂ.r.rr.r.#r.r.r.r.t.ﬂ.ﬂ.r.r,rr;rf_r.r.r.r.ﬂu J#r !I".#.r.r.ﬂ'.ﬂ'.ﬂ.r.r.r.#.r ey P FFF K A FF
T . ' o
r"‘\\] ’ flf--' v}:-”-u--u’ P N :Jrrsim Wnﬂ_ NEREEEET ¥
s e ) R -
- f ' I'JJ.F.FJ.F.F.F.FJ.*J.!JJ.F.F.F.F.!’ JJJF!JM’!#!JJJJJ!JIJ!!! -
. F II' Il' ' |- '|-l|
D % et 1, 2 _——— I e I B mmmmed :
. e R o L E 1 -, - ao - "". ot | :
e - - — - - L] 4 -
IR a I ¥ ! o o ol J C R R A SR - A
+ (AN R YN XN NN AN NN 4 1 r:": :J‘I 5 l'.'_ﬂ:;’:,.l_a::_ E ..nl‘r IJ :
. . w1 :‘ ! +# Partoprararm . i 4 ': o
R RN SR AN LRI
¥ 1 - a9 - - "a . !
e " . o ¢ B ’ ! RS
Fr- SIS Va . ¢ ’ P I
L M, 1. ! L - n LA L "'
r N 1 - - - I S
A N el A . L 1
' ' r"r’ ' —— 1 o I' II'l“_| 4
? R ' A ¥ 1 1 S 4
ve T oo s F LSRR,
o 1 O M) ipym L]
) I :1 T - : L I &
v iy "2 BN o ! L L oy " .
- . e o 8L ! & NI TR r ! . | d -
rrr T T .---------------l--------r|r-----|-|l-ll # s A ! o Fononw N o .
:’-—-—-—- o *".‘"fm"' ._ b : ool e r:,'_--"'-\.“ ] W) . :
— ; . 7 . pfviean = g R o e 5 .
; . ' 1 e e e P -W ~
\D . : : 1 A 7 - 4 Ak . el 1
- .h--. r ' . w’h 1 - .l" 1 " " 1 .‘
FErrrrrrdddf S rrr AN o Errrrrrrryo -"-'-"'-"'-"'-"-'-'-'-"'-"'-‘-"'-"-"-"'-‘-"-‘:’rrrr -  Mot—
: ] A—r-m-rlrrr'r T - 1 4 -
n " T R T a Errrrr | 4
" 'rf""_"_""_'_'_"_ ok ko d Aok R EE L EEE N . . - ] - - -
t " : .-_. . L . ' . -:-.------'l'_‘.l
'-_'- r'|11-'r'|'|-'r'r'r'|rr'|'|1'r'r'r'r'r'|'r'r-rr'1171-1-1-71.71r-111'r'l'r'r'|'r'r--'1.'r'r'r11-'r"r'r|.--11-1'r-'r"r‘Irr---'r'r_ﬁ'r'|'r'rr 'r'|'r'r"r'r'|rr"|'|'r'r'r'r'|'r'r"
= ol T
h #JJFJJJJJJJJJJ.’JJJJJ.J AAAIE AR S 1§} AN NEEREFED T AAEIERL LI N FANRFEENEF DT AANEFE RN |} RARDT,
I{'; *-.-"1"-!"-"-#-#-F‘-ﬂ'#ﬂ'ff-ﬂ'-ﬂ‘ff-ﬁ#ﬂ‘#?##f-ﬁ*-ﬁf#ﬂ##ﬁﬁﬂﬁﬁﬁfm#J?J’J-P-F-FJJ#-F#J-FJJJ‘J-?JHJ#J'J'JJJ'JJJ#JJ## !
o ra'
Mm
_____________________________________________________________________________________ fi’i’!’i"i’fﬂ"f"i’i‘rri’fﬂ’ii’?i’ﬂ’i’i’ri’i’fﬂ’i’fﬂ’fﬂ’i’q
§
B e e R e LR
. Pt o A
! r
: r'.-:.lrrrrr-r'r-rr'-'-'-'-'r-r--'rrr-r-'-'rrr'rrrr-rrrrrr-’rrrr‘rr—rrrrrrr'rrr-rr-rrrrrr-'-'rrr-rrrrrrrrrﬁr-rrrrrrr:: rr:
4 r.l' ’
t 1 ' -I"-"J'A'JJJ'J"JJ'J'.I"J'JIIJJJ.!".!"-l".ll".r".t"-l"-".i'.!'-!"Jfﬂ'.!'fff.l"-".r’.r’.".ﬂ'ﬂ'ﬂ'ﬂ'ff:’-ﬂ'.ﬂ'.l'ﬂ'.!'.!".!"-l".ll".r".r".!".I"fJJJJJJJ'J’H'f:’-"I:’J‘JJJfﬂ'HF: ::
! .
O X _q_r-r-r-r-r-r-r-r-rrrrr-nrqrrrrrrrrrf-r-rffrrrrfrrr-rrff-r-r-rrrrrrr-r-f-rfrrrrrrrrrtffrrfffrrrrfffffrrrr:: ::
- 1 e
| . 4 ;
4 n
1 - - - L& L J - - - .I rr
1 - " r
1 " .': ;
: _i_A_nlulull_Fl_ﬂ_ll_ﬁ_l_l_l_i_i_A_A_i_ﬁ_ﬁ.ﬁ_ﬁ_i_l_h_ﬂ_i_ﬂ_ﬁ_ﬁ.ﬁ_ﬁ_i_Fl_ﬁ_h_l_l_i_i_ﬁ_Fl_!_ﬁ_ﬂ.ﬁ_ﬁ_i_l_-_i_ﬂ_ﬂ_ﬂ_ﬁ.ﬁ_ﬁ_i_ﬁ_ﬁ_n_n_l_i_ﬂul_ﬁ_i_ﬂl_ﬁ.l_ﬂ_l_-_-_i_ﬂul_ﬁ_ﬂ.i_ﬁ_i_ﬁ_l_!;l S
1 "I"‘-'"-'-"l.
N - ad -
' ..l-.l-..l-..l-..!..!..!..l-..!..l-..l-..l-..l-..!..l-..r..!..I-..I..l-..l-..l-..l-..!..l-..l-.l-.f..-..r..!.J-.F..!.F.F.r.r..!.-.-..!..r..!..r..r.r.r.!.r.r..-..-..-..I-..r..l-..l-..!..l-..l-..l-.r..l-.f.-..!..!..!.r..r.r.r.r..r.r.-..-..l..r..!.r.r.!r: = :l':i 1
-, TN,
= Aol 1
K

S
LR TRE W r -y
L

™

D I

R R A A R R A A R R R A N I R X E R E RN R R R R R R T ] i'i'i'i'l'-'-'l'i'l'i'ii'i'l'i'l'E: i i i i 3.- E
. . . P Fap ! I
oo 3 ey
a ]

J.l.JJJJJJJJ..JJ.JJJJJ....I.IIJJJ.IJ..JJJ..J.I.IJJJJJ.J.IJ.JJJJJ....I..J..JJJJJJJJJJJ.JJJJJJJJJ‘

.

Fig. 14B

-
A
' .‘1 2
T

- P AP F IR FFFFS T FFFEFEFFEC AT IS
- - - ™ -

’I .
r
'

o X .. .

a - f— [ f— - : g ool oo ptagasopigs oyl theg oty
o \ —— - :
b - - - !
_ L4 il
wr -I- + 4+ + 4 = =4 + 4+ +++d4d++=- =% ++F+Ad+++F1=- =+ %4+ F+FEAFE- = A+ AR ELDl - A+ A A=A ==+ F A dE - L)
I'\D ' T A T I I A AT N T L T I I T T T I I L T T T A N I T I AN Y T T T L L i

P i,

R R T T R R A e AT AT _F L A" A AL chefiile e A a et ot rrr e e ram_mer -
T N S LR EE L L E LR SRR REE SR RN
_,.."-.- % g Tl LA

) - I i BRI -y v :p f o i M ""-I'-.-,
RrrLa el : 5 ] :"“- ., ey, e,
- .I-; .l'.-. ! [ - r . . £ ; F‘ B . I- E 'h- .hp .
- - Jr ey r1 ., .'?"L'_ "I..- . .
_-"FI-' ~ -:‘. - - T _r.f.r_ﬂ:.ﬂ.r.r...‘ '.l|l' ‘".‘.';:‘ Fr I?;. l'._‘l
o R |
S AN ..c.';qw. : s, i K e
_._‘I . - et ot - / “' " b
= . . 1 n
FJ-II Il"'.JI L] .: (] "‘I" f& "l
A . u .y "'. i -
Sy . LA i 3
r: -. In.' II_-‘I = e T ."\- I;'I'l. ' Il !. <
A R T i‘ : .!.l: Ef .
:‘ 1 " .. ; .'. : ‘.'. £ r'. 'l |- ’ e . !Ilr:l!:ﬂ
L g F 5 : | 1i8 == :l
‘e . . . Mo 8 .1 ._. T l’ r
rr - n ' ut P [ ] B - a r ]
eh R Py e b v AP . ’
' ::‘ . r:.-r S h".‘,l I... . .H'r'l I: - "
:-; ' . e e [ N 3
r ; I'_. L s - X r F n 1
- L - . -1 L
Ir.lir IIF. - .: ji.‘ III *ﬂr"F
II. I- . u ) '-.-r i“ . .
l'i.:r.r_‘_r' |_| ..‘ .' [ ] ‘;.e JI" _I: . m
ot i ey f . —
el "“j,. -t ,J.‘:,’-’..i"rr-’::::::::::: :::::::::::.::;:,;;’_-. £
R A e [T
“ e ' :
e e ] et R 'J‘.r".r"n"-'H-'-'-'JJJJ-'-’H-’JF-’JJJHJJ-"‘;:,_) e
PRl e T o g At

TN ..........-—'i"'-..l




U.S. Patent ar. 27, 2018 Sheet 20 of 40 US 9,925,335 B2

Y - ke -

" r'.:.: . . A o A W o o T A A i ..r.FJI".r.rr.-r.r.i-.-r.-r.-:." .
' ' j ;l'* "'""""'*'*'*"'j -l._l-.,l-_l-l _Ifrl-_l;l'-llﬁ :-I' l"l"i"i"l't'l‘l’l"l'l’t;l:fl"fﬂ'ffi'ﬂ'ﬂﬂ'ﬂﬂ'ﬂ'ﬂ: v |ir"l"l"l"l"l"l"i'l"1
e — - frrarrensr o™ -n wrreanrdrrredar ":‘q, i - ’ ——— e - -
] . -4 . r ".._i - F . x 2 ' "\
B - ; . ] r r--;rr'—*
y & > " —————— - . ¥ Vo r e S " e
e . I'r ";‘EJIJ-{J AP FFREAR Famianmn XA :: L : :.p'..-'.r..--.d'..-..r.d-..i'.d'.r..ferr#JxrfJJfrerf‘.frrf{.,r.r.rl,r.frl,l': :“._. ';l.i,‘,..F—' " .r} ; et
4 l,' - - " ‘J + T A r I ]
L~ - ' L)
oninininininininivigininiet F R = ¢l — T BERYT
. e e LI - . : 10" ' k :
P o Il F R VI F . w ! i TP " -+ H A .
r 1 . w R . _ _ -‘ -I' _ . . .
fo P AT g oo Y g P fe Y Ay : g Ay pE T A | AR yp—
r - I r - I" Rl -: y ] r’- L i r ) . v T . rw e e r e E e rErEErm R E e e r"' tr ' 1 W
I o II|-' ;I‘:-Ijll' [ -'. $ . l'-,' . - " 3 V4 L e el ra e P waa e mr e e ma =1 -’-_r'—'f 1 3 n
::: - A i F :li ” ) ] i‘ i'_ - o : I' [ , ; ﬁ F e e e e e e e e e e e S e S '= oo I r 'i- ﬁl
4 p I;u i. L l. '!- f rlll I | i Il '-I . ‘- - - ' ] 4 O 1 ’ 4 3
" ' . 4 ' ! 3 LN | e - . ' " . ' - I. ' ™
i H i ' IJ -5 ot IJ L - ‘;- - P : I A r
I " ' Fr " b [ F . " F'r I 3 I . 1 N 1 A ml 1 - I-I 3
LM _."I_p ’ "'r . P 1o LA [ l B .- A N |'!, .
Fr iy e 3 A7 A b g 433 b - T B3 L
= i N A Ry Y R ; o o : '..;._.l- - N ] ! i L .; -
] ' : [ T 1 LI |' 1 i T 'k
..' e s % - IR *
h . '] P = ] '
1 _ " j + i x |: ) ._._J- & 0 at ':;.-_.1 ]
I ---r11rr'r1-'r_l'-":- F =x + I N k ] = Lt
Pl T ——— e’ .-'l"-' I...l' v e e e e e T e e e T e e e e e e e S e e e e e Al '_'d‘r - L R
LTI, & . - -] 'rq1'..' e e a e e T ol j : _:..-.r..r.r..-..-.r.r.r..-..r.r.r..r..r..-.-.r..r..r..-..-..-..-.r.r.-..r..-.r..r..r..r.r.r..r..r.r.r..-..rr..-ji_r-, " W ]
! . - R A TR Py i
‘. : A . 'y
': : : : : : -;r Errre' rreerrrerrrererrrerrrrer'rerrrrree’ ' reee’r’

400

600

T I I I I I I e I I I I I I I N I I O . I . P e . . . . o . . e e}

:z - g
:-I LI H:r'i"'l"i"l"l"i"l"l"I"'l"'l"|"'I‘"i"i"l"'l"'i"'l"i"l"'l"'l"l"l"'l"'l"'l"l"'l‘"i"'l"l"'l"'i"'i"l"l‘"l"_ il S el i il il i il il il il <A WA,
=] ) - J-I [ . 1 Ll
r 4 (o i ot ;. ' A
) y ST T T, S R !
1 F_rr E_I_FEFr__» L] [ ] - = b . ) 1
] u - . X oL LTI I oI S . . R -
I ‘| i' :' I A A B A A I T I -k od oo ok oA om .‘l ; . J. J
1 rl r N o T o o ol o A o i o o o o g o o A pi r. "
4 ﬁ :: I':-|- FrF FFFIY FYYrFFFrryYESyy  rrFyYysy Fry ryFErr regrip L] r ::
P bt Ay
: / / 4 P, 5
‘.| 4 2 - T, a |
41 F 1]
- a Py e " i [
IO R N , o - s
- e . o ] i -I-: o]
1. B . s F . )
Y - o £ - -
S : L e ;
Ii‘ ' kg JF'-"‘"
! 5 5 e g
i ’ - o - o
] e A o 4 ¥ p I ~
P : g ; MIIF R .
- : 2 I .r_: Lt A
S J—— . P j—— [Rap—] - -
" o W o e o
J ._ r r ' f r r '_ ._ r r f ' r r r ' ._ r r '_ ._ r r r -_ r r '_ ' r r ':‘. "-_ -‘. l‘. ".—- -I. ". F‘. -‘ -I -‘. ""- -‘ ". " " -I. " "-_ 'I. -‘. -‘ -‘ -I. I‘. ". "- -‘. F‘. ".-. -I. ". F‘.-_ -I -‘. -‘-‘ -I. -‘ ". " '- -‘. " ".-_ 'I. ". "-‘ 'I. l‘. -‘-. - -‘. P‘. " -I -‘. ". F‘.-_ -‘ ". "" 'I. -‘ -‘-‘ '- -‘. " " - 'I. ". "-_ -‘. l‘. "'. 'I. -‘. F‘. " -I -. '_ ﬂ
L]
g o
i, N
'rrtllrttrrrrlrrrlrrrtrrtrlrrrlrrrlrrttrrtrlrrrlrrrlrrtrrrtrlrrrlrrrlrrtlrrrrrrrrlrrrrrrtllrrrrrrrlrrl'":

400

FEFr FRE FFFEF FFFFFFFFFrEYF FFE T FFFrrrFrFARERELRLNRRALER

T AL EINEEEEE LRI EEEE L EENE L ENE LI EENEE N L EENIE LR L E SN LI LN RN A EEE R LY | -!'r-r-r---r-r-.-r-r-r---r-r-r--r---r---r-r---r_-r-r-r-r-r-.-r-r-r
[ &, L .
CCLTR o -
: X . 2
' " Prarmtetue £ :: [ R -
.r:.F_F_lJ_H_lli . . -: ] =;'j 3‘“% :
! e e e e AUl g e Qe et e et e e M e R e
’ o T s R L R S R LRI L SRS RNl AR R AL AR i l".f_l".f.l"_f'.f.i'.l'_f_l".l".‘_f_f.i'.i'.l"_r_ﬂ".i'.i:
J LA R - T bl
1 [ M N | -~ ' Hﬂ.‘-' o
'] - r ey
:: K ; n 'fu’rrr,d"-"r'f'q frfi’i’ffi'ffffli'fffflﬂfffl' -"r-nrrr-rqr-rrffrrr-nrrr,p-rﬁr-rqrrr-rfrrrffrrmﬂq“tfrrfrrrftrff-rrrfffrrqrf:
i ) .
.-: :; :;-__,-__.-__r_:'-'.p' JJJ-’J:’JJJJJJ.’-’J{J!JJ.".F.FJ-'.F A .-'.-'.-:.-' FFEEFENE RN RN _.-'.-'.-'.F.-'.F.-'.n'J:'JJJ:'JJ-'JJJ.’{.p'.-'-'.FJJJ.F-'.-'.-'-'-'JJJ.FJJ-’J:’JJ.’JJJ.’-’JJ.F.F.p'.p'.f.-'p'.p'-'-:
B e - _— — -
4 :| F'l_l_l'l'i—l-l' l'l'l'i'l'l‘l'l'l'l'l'l'l’l‘l'ﬂ'.l’l'l'l'q'l'l‘l l‘I 5 =_ x 4 ':
: -: ! F :- - =-'-'-" " : :: -
n h EA N . 4 - T
L & )1 L - }' ".-.'.'.-.-.'.'.-.-.'.'.-.-.'.'.-.'.-.'.'.-.'.'.'.-.-.'.'.F.-. 'aty £
rFo 'min’ e bkl F 1 b 'ﬁ
) - 4 :: I I 1 :
) - - P I 1
I': l: - J - :JI ' 1 ':
r . A ' w - ! ‘»
A o] | r - L F -:: ll x | ol -
- :: ; I . 1 e ot j :
o e = = = o ol i
N R S N . B e T N il ooyt = ﬁ .......................................... o
'1 l' :-. " x=m F E -] ) X .? 1. = _.'
I o " L P ;
i’ T o e A e w y—
L] [} r
.ri..-,,-,.-,r"_, : T e o o e e .‘%mﬁf LR ,.l_a_.l-..l-_.r_.-_.l-..-_.!_.-_.!_r..r_;_r.r.r_.r_r_.l.r.:"r.-_r.-_.l_.!_r.r..n_.-_r_r.r_.r_;.lmqug_.-;_r..n;_.n..-_.l-..r_.r_.l-..l-..-_.u_.-_.l-.-..!_.-_.l-..-.i: L I
] ] L ol
v - 1 o £
il L] -
1 ' : i reer .I‘: o
1 A £
B e e m ot e mmm e e e === = = - m o .
: :'-I.--.I--...-..-.-..-."t & 4 .:
] n i o o T T W N A B A e T T W W W T W AN W B R N W W W W W W A W T W
l' = 1|

.

-
~— — - :
gL

L LR LE L LY

] " - - |"‘ -‘- . - " 4
. r 4 r <
1 r - _ -'- l.\_
e I r'r". ) Nl ) . .
" | el sl o e :F' R =l o e e i ':i'.r.r..-..'.r..-.-'..-..'.r..'.-'.."..'.."..'.r.r..-..-..-.-.-..l
- - ; o |
G ;l,r,-r,r,-rf,r,-l‘ 1 r'a. Y g | ~a "-_ .'._ . A
yf.r.r.-r ERS A e N PO S IN IS NI TR P AP A TSRO j ;:_
ﬁ- j.}#!#.’.”.-f-f-.!.J.J."J'.J.Ji'.!.-.-'.'-.J RPN e X " ¥
i - . i : A "\
- -, - i a q
“ .- . . . Wy TS : !
/S ot et P |
. "-' ' r o f"-"n..-,.. .
. | [ A 'dr_..,‘_ ] :.
! . k \ Py g
[ ol i - 2! " n
P ' el n - Py
. + - 1
o " =
I

iy

“r'm=x LA, T

"h..n‘;-:.::,:
:
5

Fig. 16B

5551
—

A

Hr—-r—-rr—-—-?—'—-r—- o FIPFARER N i — - P e U

o e e, [Euial S T T

k. o . W B LR 4 - - - : - - - By C X g P R B . g |
! - . .

L]
e

B e B N
- . . - ] -
n 1 1 1 + .
o . .

s 4 n Tr * ' - Bl ‘m - - ~y a
i"|"'l‘"l"'i"|"'l"'i"'l"'ffffi’f'fi*fl’f'ffl’l"f’l"l'l’f’fl’l’l"'ff'l"'l‘"l"'l"i"l"'l"'i"l"l"’l"’l""l"f'f"i"i"l"l"i"i"i"lf"l".i"ﬁ. ﬁffl’l"l"f’fi"l"l"’l"fl"l"“r' i"l"ff’i"l"f'fl"l"i"l"l‘"f’l"l"fi"l"l"i"l'
..... S e 0 ;
v
L p

3t 1 F T L S —— :-:-:l'.:-----:-i{

670

- —— - -r ——— - - -
avieale alemnie sle prephiy phiePly e

o a a— -

+

Fewrreaa e

] =T+ +¥4 FA4 4 -F4F-FFA4FF+:- =-FFATFF+F-1TFF4FA+F4-F41 -~FFA=-F+FF-FFF+1 07T F+F+F+F-1F44FAF=-FFATFF+F1-+F+F - FF+=-T+F+1F1+1-+

tm iy B 4

| nrﬁfrrrrrrrnrrnrrrrrrmrrrrrrnrrr.rrrr.rrr.l-rrrr.Trrnrrrrrrrnrrrrrrnrrrrrrr.ﬂ'rrnrrnrrrrrrr.!r .
.-"-.r'--'.r'-".r".-’.r'.n’.-".r’.-'.n".r’.r".r'.-".-"-’.r’.r'."-"i-r'-".-"-’.r'.r".".r"'.r'.P.-".r".r".r".-’.r".r’i-’-’;’iu’u"-’i-"."-’ie’a’?-’.ﬂ'ia’u’iu’f.r’.r".r".-’-"-r'.-"-"-’-’.r".".r"-’.Fu"r'-"i.r’.-"r'i.r‘-"-".-’.r’u’.-".r’.-’u"a':.

IJJJJJJJJJJJ‘JJJJJJJJJHJJHJJJ el ol el ol el ol ot o il il il ol vl el el ol il ol el el sl el el il el el il il el vl il vl vl el el ol vl il ol el i
o
I':I'fl"fi'l"fl’il"ffl"i’ffll‘l"ffi'fffil"l"fii'fl"fi'l’fl’i'l’ffl'l"ffil’fffi'l"ffll"l"fi'i'fl"fl"l"fl"l'fffl'l"fffl'fffi'l"fli’fl"fi’l’fl’il"fff

s = powon = g o

i L

R R R g N N N L N O ]

"
¥

-
-
.
*

*
-,
‘.
*

*
-
'--
"
*
r
-

=1

LlllullIl‘lm‘lldl.‘ul.‘ﬂ.‘l‘ [ [ g FeF e F Py P P FFe Py P F e g FFP ey PPy P Ly sy sy Fos

-
1

"'.."-."LE.

-£fi’f|"lfll'l|" AR T F A PR P RN PR P N PN C P P F R PR N AN P P A P FF I T I AP F P F P P rorp

402

LN,

T A A A e A S A A A A T T A T S A A A A T o Y o T A T S S A A S S W e S

-

“r
-t
f’fﬂ'fl’d’a’.’.’a’u’.’a’f—l’-|'-fa'.l'-l'.'.l'-l'-l'-l'f.l'.l'.l'.F.l'.l'J-fa'-l'-f-l'.l'-l'J-’JJJJ’.’J’J-’.’J’JJ-’?JJ.’J’.’JJ.’.l'J-f-l'.l'-l'-f.l'.l'.l'-l'-'.l'JJ.’?JJJJ’JJ-’JJJJ.’JJ!J

b

-

B T e e e T S TR Y PR b E TR e e e

LT i,

) :,:Ft"t’n"r"-’u"u’-"’t’-’fl'l"f|"ff'f't'l"l"'i"i"i"n"’l"’i"i"|"|"'i"'i"|"'l'"l"'i"|"'l"'i"fi'f'f'fi’n"f’i'i"l’f’i‘i"l’f’f’t’fl’ffl’n’l"'l"'i"l"’l"’i"’l"i"f’f’i’n"f"f’i"i"f’f’i‘i"l"’f’i’i’i’f’l"’i’i’n"l’n’l"fﬁ

oot i a3 caminny A e

-------------------------------------------------------------------------------------------------- i l-_rrr-.r-.rd--r-r-r_._

e T e e e e T e T T T e e T T T e e T e e e e e
F I 1 6A

L] 'I l'. 1
L .

r ¥
o R R R R ./ —— — :
m

L B4 - 4 4 Ad L Jd Ao = & JdJdbLado-ddd. bodddlddd -dddodtddobdddbdddoddd . bddoddddbJdaddodddobddo bdd o bdddldddoddddbdd-y
E 4 F 4 E+ = 1 3 xm




US 9,925,335 B2

Sheet 21 of 40

Mar. 27, 2018

U.S. Patent

-—
ﬂ_
O

okl ohom bk lkhom hod ldomkh dd ohomkd ok kAo
AT TR K] 4 4
n
Jn.
L
_-i- AEO N
=

e

sy

-
LAY

142

019

= i
Ll

4%




U.S. Patent Mar. 27, 2018 Sheet 22 of 40 US 9,925,335 B2

550

' . L
; B o
L s B e B B B B B B B B B B S B B B B B B B B B B B B - -——'-‘f-f-f-f-‘-f-‘f-“‘l'-ﬂl'-l'-l'-l'-l'-l'-fHJJJJJJJJHHJJJJJJHHHJJJ-HJJJ#JJJHHMHHJ# .
ﬁllllllllllllllllllllllIllllIllllIllllIlllllIllllllllllIllllllllllllllllllllllllllllllllIllllIlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllb
)

21

+ 4 :-. “#
Sl
_:“'h-‘"

T
L

-5-!‘-!!-!'.-!!-!!-!"-!_,-'-'-'-'-'-'-'-'-'-Fr'-'-'-:-'r'-'-'r'-'r'-'-'-'-'f-'r'-'r'i'r'r'r"r'.’r'r'r'r'n’r'-';'r'.’r'r'r'-'r'-'-'-'-'r'-'-'-'r'
IIJ [ ] 1 .
1

A |

+
-

L]

S W
fe.

A

<

o o e e W R o W e e I a  a T a aa a  a aa a T a aaa

] [ FIL FFFFAF+FF+FAF+FFAFFFFAFFFFAFFFFAFF+FFFAFFFFAFAFA A4 =4 = === = I = F=FI1FFF+4d++F+

) -‘-’l'.- =l T L T e L e e e e P e -

B .
Lo . W i

640

550

W,

W

et

=
-
+

e s,
R,

e

Fig. 18C




U.S. Patent

Mar. 27, 2018

Sheet 23 of 40

402

e L A A T A A I AT AT AT AT A, YA o AR AT I IR IR AU AT AT YA,
-
ox . v -
L] - L] -
. .
gr - - .

- Py - 4 padndadaca) hatad
IIl"'-| E Hrrf ) T EIEEEEEEN +
. L :l 1
: . g

] -

[
T
LN
A

5 \ oy 3
: . . e X =" o N .
: 1] e 4,;:' ,I!“ - o W ?‘l)? g 1 E A4
: A9 1L .y : | > r o F R o AT
: : I i } :". i |’.- '4 f ‘ 1 B : 'l' n r"ll :I :
- - ! f .’t -+ N 3 - _ " 5 Ir. N "
- N ; e .'-.'-.'.-.'r.'j. rrrrry Yrrrrey rrfFYE FYFRN oy A |
: . :‘ .o fl F Fr..r T UrErr sy Vrrrrr] prrrr orrrrrf o I.','r T R
X 1 I"- i . : i [ ] -
: I 5 } 4 ' ' £ : | d
) A . [l ) " . r L5 . 1 - n l. *
LN W A Moal B A W ; %
- s I} 5 : ’: ol £ it i /; :
- --l- + 4 4 ] P‘ ' .k '
: . LIEREELY) M ¥ ;
:l Ef m e s iisimeieeenonon | PEREEETeer FEETY TTETTOSrTere| PO rT T ERee : N EETTETEree
: '.: ﬁ ' :-z_:_fll '''''' : I3 _i";_: ______ _: F I 'J """"" __ 33 _:-. _______ ,\. e l'.--_ _______
- r‘r oo . '.,_- . .
: . maam;
= b-, ﬂr_r_r—-r—r 1 . P Pl Pl e e e e ety Bty W A A o o e e Faale i
) '.'E ol el ol e o el i, o ol ! el o N R T o o
. ’ . ; : : L T
- - -~ A L. _ll'r -
Jq- - 4 ) " b
* ’ . Y . ¥ ’ r
‘lh. L R R L - L § o o T R .

i e nl ak e nknk e ke | Ll i e e e e e e nk ke mb i ah ain i ol Ll ai e e e e e e e nk i mb i nk ale e Ll ale e e i e e m o nle i i ke nh ke aie ) Ll ale e e ol e e o nl ke kb mk nh ke aie Lok mie e e e e e e nl mb nl nh ain e | b aln nle. }
'
- -
4 4 A & d & L b E S omomd A dok Ak Ak d sk hd kb bl o= omd ddh bk kd ok Edddd bbbkl omo=d ddd ks A d s Ad A d b dE b= o=ddodd bdk bddddk ddd b R o=omdod dod okl ddoddd A d AR LI o=o=ddd

A
El,"‘:'.I"'.I"'_l"'_l"'_l"'.f.f.l".l".l".l"'.ll‘"_l"'.I"'.I"'I"'.I"'.l"'.l"'.l"'.I"'_l"'_l"'.l"'.l"'.f.f.l".l".ll".ll‘"_l"'.l"'.I"'.I"'I"'.I"'.l"'.l"'.i"'.I"'.l"'.l"'.l"'.l"'.f.i".l".ll".l".I‘"_I"'.l"'.I"'.I"'I"'.l"'.l"'.i‘".l‘".I"'.I"'.l"'.l"'.l"'.i".ll".l".l"_l".I"'.I"'.l"'.I"'.l"'l"'.ll"'.l"'_i‘".i"'.I"'.I"'.l"'.l"'.l"'.ll".l"_l"_l".l".I"'.I"'.l"'fffffffffffffff.r’.r’fffff

] -
j .
[
F
-
-
-
-
-
E
r
[
'
F
-
E B ]
E:«........... A A A R A A A A e e T A A T T A A A T TR ...1 v
v
] [
: .
1 m
p B
- b . b ol ml al ah ale ke ) e ml e e e e b e o onl mk ke ale i ke ke ol b b mhe e b e e e o e ml al ke nle o alle e | b ke mhe e b e ke ke m e o nl ale e al mkh oale ke ) b ke mh e e ke b ke m e e nle alh i ol ok oale ale ) b i e e ke e e b e o e nlh ok ml ke nh ke ke | b i min o
-
-
£ I I N N SCRNCRNC N "I 2 I - - - 3 F I FFF I I FFFFIFF- - T I FF I FFFF I FFFF I P F- - T3 FF I FFFFIFFFFIFF- -~ J 33 FIFFFIFIFTT
4 Fu .
[
F ¥
] ol e e e e e
-
] e e v = = - - -
o prer e e o  a ar  ar e  a  t r a e  a a eer a  ee
E
7 o i il ol ke . .

=l e b b b kb e ek b -

A_d b Ak k- -

A_d e b A bk ke ke e

L L K P N B N I L

510

510

US 9,925,335 B2

710

5350

Fig. 19A

710



doc¢ 9l

US 9,925,335 B2

Sheet 24 of 40

Mar. 27, 2018

U.S. Patent

Q0¢ Ol

056 v5s

VIL

-
il il ol
n T

o

v

o

4

e =
R L
=}

"

a - - = .
Lty R Rl o ol
- - r
r n 1

"'ﬂ-

i iipis !
e - ———
- - -
s .

-y

oy

L

A e

d0c¢ 9Ol

056

A N L . W L N N i N L K Ny .l'_l'

I

W.I-l-llll_-llnl._l._l.l.l-l.ll

o

R L LT
L

Pos

F

Ly LT Lt
. ,
3

######

.ol
-

3 5

37

_— mE AL LR Ee e, LN LN RN R

& ]

EEEEEEEEEEN ------‘

ey
L I

.
L | L B |

OLS
91§

-..-.-_...
W _

N

=,
mu,..f..... -

v0c¢ Ol

it

H

.I....J.m—»



U.S. Patent Mar. 27, 2018 Sheet 25 of 40 US 9,925,335 B2

#_'_._;.;..-,- 1{

A
1214
2

2
“u-,-.-..u..xu-u,-_-_- '.g ' E ?{:ﬂ

. S
x 3
i —

1Ir...v1-' fmf:fﬂr;fﬂfmﬂffr

- ’ 5 - RN :
L v .
,F- labite? S ELF 2T il .J_r.r.rJ..i_fl_r .r.r.r.lm:r::rr .J e T e e .Fm.r!.‘l'.l..r.r.f!.l.!.l:.!:; e e R ey, rrfﬁr:ﬁ:rfr'ﬂ#ﬁﬁff_ "

,,fg*.tf#f:ﬂ.ﬁ;;ﬁ#,fﬂ ;ﬁ!.’gﬁpﬁ-{.{ mmm#;?;r . b e

. -’r " I . o I-_ LA . - . . " e .. v . Al . -
S L :"-. .." ’,-"’ : : R s R N s by, i i e i

,r:".r,pfrr,r.rrrfr J‘f.r‘r,rr,rr.rrff,.r‘..l-r.ﬁil-fﬁ"}r..,l";l",r.r"'r:.:'fH}}lﬂ.l"r..n.l"rffrﬂ'pjf:f{rr‘rﬂ:rrﬂrr:f:f{rrﬂr ::rﬂ;p;fﬁf#fffffﬂﬁfﬁff_{f ot

- "L v . .-.
; -u-'-;r
= -
fﬁrﬁf;?rm?.fgﬂ"rﬁ:ﬁf; {: :f,u-_n-l" f,-_.‘-_ﬁ; y ' -i [ 1

Fig. 21B

_ﬂl-lllill,d-i#—_-i-lliw d..iu.i.-.

g
e s :f""’-‘

Lo DT

T T R e R

'\-
y
!

1004
1

bR

N ]

L

. - . . . . '
q :""llt"l.:"r.'l.'l.l.-.l.-.'l.'l.'l.'l. LD

2l

g

%
I
Fig. 21A

.-'; ..




U.S. Patent Mar. 27, 2018 Sheet 26 of 40 US 9,925,335 B2

o P {4
7 uﬁ#ﬁﬁMﬁmﬂiﬁlx- il
- " ” 5 . ﬂ#ﬂﬂfﬂﬂfﬂﬂfﬂw = = s
W el i T :

- F ".|r'__ |_I| ra R A
/'{,rrr'kr.f#{r.r.r .r#.rrrrﬁrrﬁ #E_'.rr.r#..rr rpdfif;r:ﬁ/y,'-;rm;.-
‘.." _r‘ .'- n." __l. ._'r‘ ...'Il.
n -1 1 r - = it

FIG. 22C

r L n H-?;.h‘.. ..
i i e i S MMM

< -
= 2 o - I & TS 2
- N & o =~ N N
- A — A <
-,
— ¥
(N T
—
~
: i e e “““““““ =1
2 1 1 1 1/ [/ A
‘ ____"--‘ MI‘ l...:::l

1A AL A AR L ) AN *' w.o .« . “‘*

o
-—-: ’ 7 - !
““1““ S S S u“““““““““ I' F _.|

IIII#:}IIMI/I/WII/}F/// WA A LT A
s ||.':=-=-““
-- W 7 _ ————
~ ,_\“ !{I/[I"fWIlllllfflﬂ W _f _ “T‘T"“""‘F‘?""" p
%Y &‘l‘ \\“‘r“\“ Yy Ny Ty T Ty T R T e T e 4, Y _ - _ |

|

A

FIG. 22B

L OEN Olll i { ] e— N~ — | .
- ‘I__‘-E— - WIIJ “ ‘[.1. A KN
hiii!ﬂﬁihyt..‘ i w—— Y —— L e s
LD
N s F 3 =
- ~— N N N N N\
E b S T ) w T —
t
I - -t -
e 2 3 F ¥ & g
N N N N o
-~ - A ~ A s -
;ﬁ$an?mmmmmummwmrummmmﬂﬂmmmnmmmmmmmmummmmmmmmmwﬂ

Ll i il it ol it it wil ol it il it ol it il it it ol it il ]

11111111111111111111111111111111111111111111111111111111111111111111111111

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
!!!!!!!!!!!!!!!!!!!!!!

FIG. 22A

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

¥roow o v

A mmﬂﬂﬂm#ﬂmﬂ :

1100

1010
1004
1235



U.S. Patent Mar. 27, 2018 Sheet 27 of 40 US 9,925,335 B2

@
#
N
-
L]
N a\
N N
N .
N @
N . ~
H\ﬁL> Ll
L S
- Nl L) %
N - N o O
< N S \ M
~ N\
—

1010

1270

.................................................

L SRR ot

FIG. 22D

1215

1010
1250



U.S. Patent Mar. 27, 2018 Sheet 28 of 40 US 9,925,335 B2

1254

~§2 14

(V.
anasi
™
i

- ; i e W«

- E . B y .
) :‘ i 1 2 - ! -
B ] R L) r i ] i
! ' L - e P '
y . ) =T n
. J J ,ll— . - ] o
. ! - rF i
Pl I " ! s
; . . e " ;
= 2] T
: - L] L
. -"-I LR
-y 1,
"y M
k

1204

Fig. 23D

1270

254

§2{H}

. | ' i . :

'
+] 1
'
| e ————————————

B e

| o
oy T P % T
e § &4

—

g, 23C

=y
LA™
a

Ll
L L

EASE

S
£ gt

s W £ 5

¥ o
) d L [ ]
T g = - ‘a -
] - 3 ﬂ"l- e
- r'l. k! ] Fo Ta b A i ) I.I'- i '
. " T . ) .
I ] F I o~
R ] : - 3
R A A N ; l..-_"
) = L " r, J
T . ", T “ aon : ! '
= L ! 2 "
PR N .
| T R T
. =, \ ."1. I
. = "] .
]

1200

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

Fra,
:’-‘::f:"" LV Gt o ;;:l,
— 4 ot

Fig. 23B

214

-

1200
]

Fig. 23A




U.S. Patent Mar. 27, 2018 Sheet 29 of 40 US 9,925,335 B2

1118

1119

1100




US 9,925,335 B2

Sheet 30 of 40

Mar. 27, 2018

U.S. Patent

d4¢ 9l VS§e Dld
061

06Vl

OLPL

LT

0Gvl

1214’

¢l

0GC1L
OLl¥l

POEL



US 9,925,335 B2

Sheet 31 of 40

Mar. 27, 2018

U.S. Patent

0Ll

1214

¢ctl

061
Olvl

aS¢ Old

7 Y T

1

E L - F | -
-
1

I Sp—

m

MMW//M
Gl

o,

I

\

"

sloopoooo

I -

-1--

?---—-

o O T

MNNA

f,..-f"""-'---

\

P

-
I

e Y7y I

B

-

Ootl

\\l
I
3

=t beeud

L
s
A . ~ :

.

[Ty
,f/ﬁ//,
i

\

b U ETE

'Bbb”

d

Jedodod

!

-

| b
\ e

70T L

0Ll

2414

el

0GE L
OL¥l

7Ot |

D4¢ Ol

rLEL

0671l




097 mﬂm VO .w.—n—

,H.H.H.”.w..i...u.ffﬁ,..,...ﬂ

PR

P i) ..

S =, o
..Hﬁfyl

. . el

Av.ﬁ mw ﬁu.ﬁ MW ,Mamwﬁﬁj_

F &
q g

ey - R
A AR NN gty
A m_-_...-._n.. W S

: .J-.T...,_..._..._ -
. -.r_f.....r

US 9,925,335 B2

. e - )
. L
) .._..fﬂlﬂfﬁd?frfjurffﬂ;xff{h”r?fﬂﬂuufff. x L
-..f.l. - oo . ] . “-..-.-. . ) . .—.L i . ”
K n..... o, o

- s e
o s g

[ FEET

3

.-f.,_.......ﬁ...r.., Ce ™o
. Sk i

e R
TN

53
r-.. . ' .
S
JERRREEErt o ERESTR O ERY

708

/f | . s

3
g

e
EER

AR
_.r._..._
A
] - .
5 S
b L
R =
owt .
! ,m T -
€ % S
- : *
- '
. . . . Ty H v
. . : .n__.,u . Sa - ol
3 .-.ﬂp. W o N . ", . h o LTS
2 2 N N N R 4 R
- ., L o . AR . . L TR S
. e e -l gk R : 5 . N, -t
: - o Y ot f?..ru X, ' ¥ A
n... - . . - ,fmlru ”..__ - .__..... . ...Ta..._-..
.1'. -_r.-..i. . .. e e s . ..-..._” ...- .."_.. .m;..?_.... .t-..ll._._-...-_l
- T B .n.._ R < O
’ o n LN - ._._-.._.u.,____..r .
N v o ..n.... Dt
i - .o - s
[V . A el
o B . PP
B N i f... . e i w
. Y .ﬂ.f d: .
. 3 Lo n 3
; P o .
- o e
# ..q ﬁJ
n
: -
A
.I
u
!
F ll

LRy ]
-

.T""":f.-' B A
.r"'ﬂ:
o

.-:.?-_

S A A
DRI E IR

L
", L .-.”. l_
R &

.
TN
Y

"'
L,
i

& A s
. W - .
S % w N
A . X :
- ~ > \
N P Rl
RaStYNNT A w .

LEH
- " .r..r..;',
“»

'-"J-__.‘
-
s

TTrfarEmEre
e
s
_ i

arar
....Irq
resmr l"‘l‘-"l‘ -F.-l...r.rrl 1

A

A oaoa

Sheet 32 of 40

L }
A A S aa P

."r;_'

Mar. 27, 2018

[
. T L
N L . e -.._._-_._._..J__.J.I
C lJI..I.HUf.FfFTmJ:JcIchFJfTTFr.!..I._lJI _-._r.. . ]

-

f.n..”...._.H..A

.-.-r.__-.l.__“ T - - e
. : BRGA5, o
A i R

08
003

003

U.S. Patent



d.Lg 31

US 9,925,335 B2

—

..4

-~

-

e,

e,

D

W

7

0C6

v o

=

~ 0¢6
ﬂ b1g 06
o

o~

>

016

U.S. Patent

006

0¢0

016

016

090

006

0006




U.S. Patent Mar. 27, 2018 Sheet 34 of 40 US 9,925,335 B2

-
= =2
Ve al —_
—
\ o0
a\
)
[T,
o0
]
W
e
-
—
) =
— v
B e
—]
v
- — -
- E. o N
- U ) Mmmmq Ve
R \ ‘%‘\x Il‘ ;
\ = . ": .......................................... w
. N
o)
l.ﬁ
e
1—|
¥ 2!
 —
-
% =
— Ve
ey
-
o
____________________________________ VA
N B S0
#ﬂ:%mmm—_J )
od)
. p—i
e



U.S. Patent Mar. 27, 2018 Sheet 35 of 40 US 9,925,335 B2

850

360

. ] _|. . r '
B LA AL AP AL LT
4 .

N =l
. i

& .
. e
f' A :
-l
¥ - .
L] : .d
£ oo
| -

/
7/
_ ¢

o LTI
e .h“...mi‘_ s

e mn AR

_:u-.r.-.w.-.-.-.-.-.-.-:-:-:-':-'.E:.';;-;a_;-:;f;

o
-

(aa\
)
o0



U.S. Patent Mar. 27, 2018 Sheet 36 of 40 US 9,925,335 B2

860

. '_1_.,-_._-_;_.,'_.__-,.:'-‘,;.%-_ .-'.-'_.-.I'.-I'.-I'.-I'.l.l'.d'_.-'_.-'_.i"f_.i"‘i"f.i';FJJJ#FMJJJJ#JFJ#M-'.'.'.F.F.I'.I'-i'-i'-f-ﬂ-f-f-f.lﬂ'ﬁi'. L
. .- -.-I'?":.-'.F-r IR T .'_.-'_-:!' ' ":-.'.5 .
; T ""-.‘-g“" : * . e,

) gf‘f FEIETFNEREL LTS MJJJJJJJJIIJJJJIJ:;";%

SSOA

Fig. 30

g ~
i e g i L

g ol T

856

"Q;.l:' : ERTEVEPREPFY LSSl
J’....'F"Hff gt

852



.

rr=1rTrT

....
) ..r._.-_...n..,..
e n.........“;...

7

=1 i r T T

|"'
.'?-'.
=
f
E.
ol g =
v
5

I Lt S

Faintt -t na b ..“.....r,}i..I..T..“.-_J-.-..r :
h m w .r....FlJ : m . m ..__...-.f..r.,._..l.lrf...n ”___. .-._...r., . -.r._r.
; T - R .

US 9,925,335 B2

]
v ] T Rty
el - . R

R, L !

" y (e bty LN

. - S0 "y Ly . -
. N 'y L ] s M B N
e . LI N e Rdne i RO .:._w.. . My .....n........ i
AR W . .Hﬁnﬂ.r .._._r—..r..._..._f_.r. ..,..__..r_-r " . Lt *
L] ' N d . N . . . L]

. I K . ' . . . ma* '
.r.q...- N “ . . -r._l..l..,.._..-..r.r.-_..-n...-.i.._l.l.._.r o Lol T rﬁl..l.._..- 1
i T e T _

s L] . . L P - 1=

-
-

L] k
: : ) Vo B e
B A, L ! r-__u ._.-.__._n..._.,.r-_ )
AR LT LR .r.!.. L
i L I

* e ..

Sheet 37 of 40

]
]
L}
Y
L] »
5

T

T, ot LMLk .
T R -
RN e R

P LU LR

L . . . . .
. e a LN i "
om™ e R N N AT . L
T, . ' RPN S T L L ' : e
) ! T oo P .._u.-......u- Ll
N b - -l .
s [ ._l..__.. ! o . " s mT
A g e _ s
. N .
-
.

q‘*I';:..s.-l.-l
R
rl..-"'

d{.
2

O Y

A%

]
1
]
'
1
1
1
L}
n
1
-..
'.
..
.
n
'.
L]
.
.
.-_
3
o
b,
1
l._
L]
L]
%
Y
.-..
Y
-

R R R R al el e P e e e i o

||---:-:-.-:-'-.-.- '

L mEmnl

o
[ ]
-
]
d
L
L)

rrrdrraJdr s Tt A A -_-_-'_l'_-'_-'_-'_ -r_r_l'_-'.-'.r.r\--'-'.?'rm

Mar. 27, 2018

U.S. Patent

VIE 31
d098

- T e Ju L R L LIBE DRI
.- . rn.-. . .—.r .
”.- ”-” ' +" +
- i " -
. SRR -
..-.I...I..I T T T TR T #I- |.-|. ....ﬂ lul.l..l..-..l.l I..I..u..l..l.l...lr.r.-.
- _ - ) -- .-
- "1 ",._ - .." .
] 1 ¥ L *
- I _..-. . , +.__ .
- ﬂ-”. I T o T N g e e T o T T A T B I e e s T T A T A g B o i e e A e T e e D e -
a e :
¥ (I LY .
-- I-—.- -.l ..—-
. [ W T
y s o .
g Lo +
] [ *
. [ LA T
- —at L -
" b LA !
n - -
- o by
.. Va e aatai e atats et a
.. : ”" . _w
" . [ - ..
“a . N [ ] =
- s . -
1 ) L T T ..r”.r . ..r............”.r.r... L R R e L A R b B T T R R R N T L A R O R R L T R R R R R L L e T N ] b
. R N T A A S S T T T R T T e T R e T R B A A R R L S T R A L A A AR R A T R R A L A A o .
.- | S N | I-..-..'-....-.- na -..l..- L | ..I-.F-. = I.. . ...l...l.-.-... LI | —..I..L ...l.. LI AT FL'" I 1L .l.l I..I.'I.. bLm -1 .I... L - BEF L1 L3 ] I.I..l...-.J AT I L'AL®E ..I._ HEE'1LEILE 10 .l..l.....- L | T LN I LL e I N - .l.I.l.l..l‘.. ..”. .
. ol -
n r-. 1 .+l -

. - Tm .
" "y :

e ._. .

[ U .

i el y
L - Hm :

. "y ' .
- e Th -
» R T
' ' v .
T ok kow | ok okl bk ok dow bk dd o whohod ok omowohod ok dd bk ok ow ook ok d | b ok okl owokok ok bod bk bk owowoh bk dd bbbk okohowom ok ok dw bk kd owohok ok d bhohh ok ow s ohdkokdd bk ok ook d ow bk ok d o m ok ook d b bk ohom bk ok d s bk dd s bk d ke bk kS ..-.-.-.l.'lr.-ill-.-lll-.r.i.

V098 \OC



2 huma, y
) .,..“_. .m.__.m-_.u- ....._... . ok TR m
.-.._“_.._."-l. ..._..._..a_ [ ™

] w ﬂ R G TR a2 "
u" .?..__.._-. l..-:-. . mr_... oy o
J(CeL ol R A
. ) &4
" A g

US 9,925,335 B2

- —
.r-&lrllﬁ #‘ .—# .1‘.”.&‘ - .ff 5 "'..'l ".—'.H‘r— - .w-
a W.J. [ I..rI ._.--.-,-._H .-.."JFJ...H Ly AN WY
- .-u.ﬂ..._. IJJ."..- X I.r-.l... LR e ] r.l.-
AN ARk e -
. -n._.. ._r._._.r.-..__u_ . ._.-.ﬂur| . ..-.:.Aﬂ..l r "y ....r_. o .!-.Jhr
--..-‘-“-. ﬁl [ ﬁ____r f..-.r."_f.-. f.—!".f e _J... n l1_ 1 l_.
e ....f.__.. Ly " ...._”f..’l._-.- .....u..u... o
ot e % -.t..f.”..r-.!u.__:r i o '
Ly A AN ) -
i A LI ey "
e R LA R
I.-..l.....-' P ey r.._...r.--.-__ U I el | .-._.l.".._......_. “.._ -_.._rj,.
.-.__Jm_ l.-. rl ' - .-I-.".- -l.-.___.-._.-.. —......__.1"__....-.;....__+... S l.n
e R o
] = ] T
T ORI ﬂ
L B N T ¥
..-..,rﬁ__ll.-__-..l‘_. . o I‘“-.._. _.-.”.-l.-_ -_””H...f-“".__ﬂ.l.rﬂ ._l....-.r #..r.r..
e ol ORI S x LN
._._..f .?-. - ....r . iy .__l.__.r.- ._-..”-... = ..__.l..... ._H.
e LB T ¥
RO B N T R e, LY
o X . e e
Lt R . aal
-__...... n J._._. o e N ! ..". B
AP R, W at
l ..._"...-r. L 1? P '
R Al &
T B LE T = i
- .- B gk ¥ okl ]
..w.u R R ~ - .
-~ R R N O o LS . AV,
SRl o . T
o - ) W . "
e o~ : AR !
BUE i S e & : o v X
" ...-..r.uuni_.n“.”r_rn....._-.__.....n.___i .t.—.l. " o g _ . " h x
._-..r-_. -"lrl.._.m”#._-.. ..h-._“l . . _-f.-T__.. . rfr.-rifufrrfhﬂr j.” .."
e L Ry '
wtoawt - e
] - L N
__i.j..p e n

<
T
.
-;{.""‘.
-;I'
%,
5
A
;
;
Y
:
'.[-.:-.

W o & -
X - o ol i
i gh A h - [
R = L e
PR 2 o & L
- . g ., ] it
) o o i..u...;; ..-,..:.u.ﬂ-
e - ) . . o, 3 _..i.nu
" ” " i I-%.- _.....-___.ﬂl . l...... —l.-.ﬂ_..f.-l
! ... 2N i i . ..rLi J._r.l_ .l...ﬁ._f_ . .__-.rw_l L]
s . | ..r-._.. . II-.L“. ‘Wll& _.....l..-. ..I-.I-._I.I. _l__T... _l._..ll._“,.-..h.—_-
- o " LY Ly N . - y - , Y, M
-.L...f_."“-.r._.r y J.... Hl. u ...H-“m”“-”......l.””_t.rt.- - ‘.r..-.- ..‘.F.!’. ju..l_-....' . .ﬂfu... . g-...-ﬁ...._’........-
) ..-...1 f._....ﬁ. ) - J.-I”._.._!-_...l. .l.“l“l-.”.-.-l.“-.-.- R . -.l....__. . lil.i . . _.l- . I'-.ﬂ_ . ' ..-...-_-_.r__.__
S o AR " = N P
> .-..!. 5 L O A N - .l...-.f-. Jm-.-... - e

Sheet 38 of 40

9L8 N S 7L8

%

..-I"";r'r'rfrr--r
"*.p"

- o
B ”pj*
N A T e il

AL
ﬁﬁ'-:-

Mar. 27, 2018

OLY

OL3
PLS

U.S. Patent



US 9,925,335 B2

Sheet 39 of 40

Mar. 27, 2018

U.S. Patent

dete Old

ViEY

Veey

Vet Old

Vv0E9

9€9



dre Ol V¥e Ol

US 9,925,335 B2

0L91 0L9O1L

Sheet 40 of 40

4%

0491

Mar. 27, 2018

0691

0G91

U.S. Patent



US 9,925,335 B2

1

PORTABLE DRUG MIXING AND DELIVERY
DEVICE AND ASSOCIATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Patent Appli-
cation No. 62/038,386 filed on Aug. 18, 2014 and U.S.

Patent Application No. 62/126,011 filed on Feb. 27, 2015,
which are herein incorporated by reference in their entirety.

FIELD OF THE INVENTION

The present mvention relates generally to auto-injectors
and prefilled syringes and more particularly to auto-injectors
that store 1 a compact state and allow for formation or
reconstitution of a therapeutic agent for injection.

BACKGROUND OF THE INVENTION

Individuals who suflfer from certain medical conditions
are often required to keep an auto-injector or prefilled
syringe nearby in order to address a medical need. A few
examples of this are msulin pens for people with diabetes,
epinephrine for those with food and insect stings allergies,
and antidotes for soldiers at risk of exposure to chemical
and/or biological toxins 1n the field. For example, an allergic
reaction may occur in a location which is physically distant
from the nearest hospital or medical facility. For example,
bee stings, are more likely to occur outside than indoors.
Food containing peanuts are more likely to be supplied to the
individual away from a controlled home environment like at
a baseball park. Having a portable epinephrine auto-injector
nearby enables emergency intervention after an exposure to
an allergen.

Size 1S an 1ssue when 1t comes to auto-injectors. Many
owners of the devices are hesitant to carry their injector with
them 1f 1t represents a burden, by providing injectors 1n more
compact sizes 1t will make 1t more likely that they wall.

Shelf-life 1s also a large 1ssue with respect to auto-
injectors, which can be expensive and used fairly infre-
quently. For example a user who has intense allergic reac-
tions to shellfish can go years between exposures and
subsequent 1njections. In such a case it can be easy to forget
to replace the auto-injector after expiration, whereupon 1n an
emergency, the drugs contained therein have expired and are
either ineflective or have a greatly reduced effectiveness due
to decomposition of the drugs contained therein. As will be
appreciated by those having skill 1n the art, the shelf life can
be increased by storing the desired medication 1in an
unmixed and dry state and dissolved just prior to 1njection.
This ability to store the wet and dry components separately
within the device can increase the shelf life and thus increase
the likelihood that the user will have an injector with
cllective dosages when an emergency arises.

In such devices 1t 1s required that the mixing and recon-
stitution processes are consistent and complete prior to
injection.

SUMMARY OF THE INVENTION

It has been recognized that 1f a drug can be kept out of the
liquid phase and stored as a dry medication, the shelf-life
can be substantially increased and temperature susceptibility
can be decreased substantially thus allowing the eflicacy and
potency of the drug to endure longer and through harsher
environments.
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It has been recognized that a smaller drug delivery device
than a conventional epinephrine auto-injector, which could
be attached to a key chain and/or easily fit in a person’s
pocket, would make the device easier to carry and more
likely that the user will have 1t on their person when needed.
Various structures are contemplated herein which address
many ol the problems discussed above through the use of
mixing structures, and actuation devices which ensure
proper storage integrity, and full mixing prior to injection.

Contemplated herein 1s a medication mixing and delivery
device which can include a housing, a first chamber being
located within the housing, the first chamber containing a
first medicament component, and a second chamber located
within the housing, the second chamber configured to selec-
tively receive the first medicament component from the first
chamber. A second medicament component stored can then
be stored somewhere within the housing but outside the first
chamber. A valve can then also be provided which 1s located
within the housing between the first and second chamber, the

valve being configurable so as to provide selective fluidic
communication between the first chamber and the second
chamber.

A first displacement mechanism can be provided 1n con-
junction with the first chamber, and be configured so as to
reduce the effective volume of the first chamber, the first
displacement mechanism can further be configured so as to
axially translate the second chamber with respect to the first
chamber during a first actuation. Additionally, a second
displacement mechanism configured to reduce the effective
volume of the second chamber.

An actuation device having a pre-loaded energy source,
such as a spring or compressed gas chamber can be utilized
to drive the first and second displacement mechanisms or
otherwise provide actuation of various actuation mecha-
nisms within the housing.

In some embodiments the actuation device can be pro-
vided 1n mechanical communication with the valve, the
actuation device being configured to change the valve
between a closed state and an open state during a first
actuation.

In yet alternative embodiments an intermediate support
can be provided within the housing, wherein a rotation of the
intermediate support about 1ts axis eflectuates the first
actuation of the actuation device.

In some embodiments the first displacement mechanism
can include at least one radial protrusion which 1s configu-
rable to engage a channel formed 1n the intermediate sup-
port. In some such embodiments the channel has can include
a first portion, a second portion, and an intermediate stop
disposed between the first and second portions, wherein the
second portion of the channel i1s oflset from the first portion.
In this manner the first actuation moves the at least one
radial protrusion relative to the first portion of the channel so
as to change relative states of the device.

In some embodiment a second trigger can be provided
which 1s mechanically coupled to the at least one radial
protrusion, wherein triggering the second trigger causes the
at least one radial protrusion to engage with the second
portion of the channel.

Also contemplated herein 1s a medication-mixing device
which 1ncludes a housing, and a frame disposed within the
housing, the frame having at least one channel on an inner
surface thereof. A first chamber can then be provided which
1s located within the housing, the first chamber containing a
first medicament component. A second chamber can then be
provided which 1s also located within the housing, the
second chamber configurable to selectively receive the first
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medicament component from the first chamber. A valve can
then be provided and located within the housing, the valve
configured to provide selective fluidic communication
between the first chamber and the second chamber upon
activation of a first displacement mechanism which 1s con-
figured to reduce the effective volume of the first chamber
displacing the first medicament component mnto the second
chamber and thus mix with a second medicament compo-
nent stored within the housing and outside the first chamber.
A second displacement mechamism can then be provided and
configured so as to reduce the effective volume of the second
chamber and selectively eject the mixed medicament com-
ponents.

In some embodiments an actuation device can be pro-
vided which can include a pre-loaded energy source such as
a spring or compressed air chamber. This actuation device
can then be provided 1n mechamical communication with the
valve, the actuation device also can be configured so as to
change the valve between a closed state and an open state
during a first actuation.

In this embodiment, at least one plunger protrusion can be
provided and disposed about an outer circumierence of the
first displacement mechanism. This at least one plunger
protrusion can be configured to engage the at least one
channel of the frame. In such a case the first actuation can
then be eflectuated by moving the at least one plunger
protrusion relative to and within 1ts respective channel.

In some embodiments an intermediate support can be
provided and disposed within the frame, the intermediate
support can 1nclude at least one mtermediate support pro-
trusion which engages with the at least one channel of the
frame.

In yet additional embodiments the frame can further
include an intermediate stop formed in the at least one
channel, the intermediate stop being configured to engage
the mtermediate support protrusion during an intermediate
stage, wherein the intermediate stop temporarily prevents
turther actuation. In such an embodiment the plunger pro-
trusion can be configured so as to rest upon the intermediate
support protrusion in the intermediate stage.

In yet additional embodiments the mixing device can
include a delivery assembly which can be configured to be
in fluid communication with the second chamber during a
second actuation, and wherein the delivery assembly can be
extended during the second actuation of the actuation
device.

In various embodiments a trigger can be provided which
1s 1n mechanical communication with the itermediate sup-
port, wherein depressing the trigger causes the intermediate
support protrusion to be released from the intermediate stop
in a respective channel.

In some embodiments a first actuation step can be con-
figured so as to allow the first medicament component stored
in the first chamber to be displaced by the first displacement
mechanism and transfer at least partially into the second
chamber, and mix with the second medicament component,
and wherein a second actuation causes the second displace-
ment mechanism to displace the mixed medicament through
a delivery assembly.

Also contemplated herein 1s a medication mixing and
delivery device which can include a housing, a first chamber
being located within the housing, the first chamber contain-
ing a first medicament component, and a second chamber
located within the housing, the second chamber configured
to selectively recerve the first medicament component from
the first chamber. A second medicament component can be
stored within the housing and outside the first chamber and
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be configured to be received in the second chamber and
mixed with the first medicament component. A valve can
also be provided and located within the housing, the valve
configurable so as to provide selective fluidic communica-
tion between the first chamber and the second chamber;

Each of the first and second chambers can be provided
with a respective first or second displacement mechanism
which can be configured so as to reduce the effective volume
of 1ts respective chamber.

An actuation device can then be provided which can
include a pre-loaded energy source such as a spring or
compressed air chamber can be provided and selectively
actuated by the actuation device so as to drive the compo-
nents of the device and thus change between various states.
The actuation device can also be provided in mechanical
communication with the valve, the actuation device being
configured to change the valve between a closed state and an
open state during a first actuation.

In some embodiments a needle shield assembly can be
provided which includes a needle shield having a cam ramp
provided 1n a sidewall of the needle shield, wherein the cam
ramp 1s 1n mechanical communication with the actuation
device, and wherein a depression of the needle shield causes
a second actuation. In some embodiments a depressing of
the needle shield can cause the second actuation of the
actuation device to release a second portion of energy that
extends the delivery assembly and displaces a mixed medi-
cament 1n the second chamber from the second chamber
through the delivery assembly.

The various embodiments herein can further include a

delivery assembly which 1s in fluid communication with the
second chamber.

In yvet additional embodiments a frame and intermediate
support can be provided and disposed within the housing,
wherein the intermediate support has an mterface to engage
the cam ramp, and wherein depressing the needle shield
causes the intermediate support to translate axially within
the frame.

In some embodiments the needle shield can be provided
as a hollow shroud having a sidewall and an aperture on one
end, and where a needle may pass through the aperture when
the needle shield 1s not 1n a fully-extended state. In some
such embodiments the needle shield assembly can turther
include a secondary spring which biases the needle shield
and extends the needle shield beyond the needle after the
needle has been removed from an injection site. In yet
alternative such embodiments the needle shield assembly
can further include a locking mechanism, which is triggered
alter the needle shield depression, and i1s configured to lock
in the extended position.

Also contemplated herein 1s yet another embodiment of a
medication mixing and delivery device which can include a
housing, a first chamber having an aperture, the first cham-
ber being located within the housing, the first chamber
containing a first medicament component, and a second
chamber located within the housing, the second chamber
configured to selectively recerve the first medicament com-
ponent from the first chamber. A valve can then be located
within the housing, the valve being configurable so as to
provide selective fluidic communication between the first
chamber and the second chamber.

A first displacement mechanism can be provided which 1s
configurable so as to reduce the effective volume of the first
chamber, along with a second displacement mechanism
which can be configurable so as to reduce the eflective
volume of the second chamber.
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In some embodiments a second medicament component
can be stored within the housing and outside the first
chamber, such as 1n a fluidic channel provided between the
outlet of the first chamber and the inlet of the second
chamber, or alternatively within the second chamber 1tself.

In some embodiments an actuation device can be pro-
vided, which can include a pre-loaded energy source such as
a spring or compressed gas chamber, wherein the actuation
device 1s 1n mechanical communication with the valve, the
actuation device being configurable so as to change the
valve between a closed state and an open state and cause the
first displacement mechanism to reduce the effective volume
during a {irst actuation. In addition such an actuation device
can additionally be configurable so as 1nto cause the second
displacement device to reduce the effective volume during a
second actuation. In some such embodiments a rotatable and
releasable mechanical stop can be provided and positioned
within the housing so as to engage the actuation device at the
end of the first actuation, and wherein the rotatable and
releasable mechanical stop 1s configured to release the
actuation device at the beginning of the second actuation. In
some such embodiments a trigger assembly can be provided
wherein a depression of the trigger assembly overcomes the
rotatable and releasable mechanical stop so as to allow a
second actuation of the actuation device.

In some such embodiments a delivery assembly can be
provided which can be further selectively arranged so as to
be 1 fluidd communication with the second chamber.

In yet alternative embodiments an intermediate support
can be provided and disposed within the housing and about
at least a portion of an outer surface of the first chamber,
wherein the intermediate support has a protrusion that forms
a part of the rotatable and releasable mechanical stop.

Also contemplated herein 1s a method of mixing and
delivering a medicament, the method including various
steps, such as: displacing a first medicament stored in a first
chamber through an outlet of the first chamber into an inlet
of the second chamber through a valve, wherein the valve
can alternate between a closed state and open state during a
first actuation; triggering the first actuation by axially trans-
lating a first displacement device to displace a volume 1n a
first chamber, wherein the first displacement device has a
protrusion that interfaces with a channel formed 1n a side-
wall of a frame of a housing that contains the first and second
chambers; stopping the first actuation by preventing travel of
the protrusion along the channel by a mechanically releas-
able stop; triggering a second actuation by releasing the
mechanically releasable stop, wherein a first medicament
displaced from the first chamber mixed with a second
medicament stored outside the first chamber during the first
actuation and stored in the second chamber, wherein the
second actuation displaces the mixed medicament stored 1n
the second chamber by a second displacement mechanism
through a delivery assembly.

In alternative embodiments, the method can also include:
extending the delivery assembly during the second actua-
tion; and providing a needle shield assembly, wherein the
needle shield assembly 1s formed about the delivery assem-
bly, the needle shield assembly further including a needle
shield that forms 1n part a trigger for triggering the second
actuation.

These aspects of the invention are not meant to be
exclusive and other features, aspects, and advantages of the
present 1nvention will be readily apparent to those of ordi-
nary skill in the art when read in conjunction with the
tollowing description, appended claims, and accompanying
drawings. Further, it will be appreciated that any of the
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various features, structures, steps, or other aspects discussed
herein are for purposes of 1llustration only, any of which can
be applied 1n any combination with any such features as
discussed 1n alternative embodiments, as approprate.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the imnvention will be apparent from the following descrip-
tion of particular embodiments of the invention, as illus-
trated 1n the accompanying drawings in which like reference
characters refer to the same parts throughout the difierent
views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the
invention, wherein:

FIGS. 1A-C illustrate perspective exterior views of a
medication mixing and delivery device through various
actuation steps;

FIGS. 2A-B illustrate perspective exploded views of the
medication mixing and delivery device and a mixing sub-

assembly 1n accordance with the embodiment of FIGS. 1
A-C;

FIGS. 3A-D illustrate side cross sectional views of a
medication mixing and delivery device through various
actuation steps 1n accordance with the embodiment of FIGS.
1 A-C;

FIGS. 4A-D illustrate side cross sectional views of the
mixing subassembly through various actuation steps for use
in conjunction within the embodiment of FIGS. 1 A-C;

FIGS. SA-E illustrate various exterior perspective views
of the mixing subassembly through various actuation steps
moving from a stowed state to a mixed state as would be
ellectuated using the embodiment of FIGS. 1 A-C;

FIGS. 6 A-E 1llustrate various exterior perspective views
and cross sectional views of the enlarged area of the mixing
subassembly as indicated by area A 1 FIG. SE;

FIGS. 7A-D 1illustrate various perspective and cross sec-
tional views of a frame being used within the medication
mixing and delivery device of FIGS. 1A-C;

FIGS. 8A-E illustrate various exterior perspective views
of the mixing subassembly and a secondary actuation
mechanism through various actuation steps moving from the
mixed state to an 1njected state as would be effectuated using
the embodiment of FIGS. 1 A-C;

FIGS. 9A-B illustrate various exterior perspective views
of a needle guard and associated subassembly through
various actuation steps to shield an exposed needle after
injection using the embodiment of FIGS. 1 A-C;

FIGS. 10A-D illustrate perspective exterior views ol an
alternative embodiment of a medication mixing and delivery
device through various actuation steps;

FIGS. 11A-C illustrate various perspective and cross
sectional views of a cap for use 1n the medication mixing and
delivery device of FIGS. 10A-D;

FIGS. 12A-E illustrate side exterior exploded views of the
medication mixing and delivery device, a housing assembly,
a mixing assembly, a delivery assembly and a needle guard
assembly, respectively;

FIGS. 13A-D 1llustrate various exterior perspective, side,
and cross sectional views of the medication mixing and
delivery device as illustrated 1n FIGS. 10A-D 1n a stowed
state;

FIGS. 14A-C illustrate various exterior perspective, side,
and cross sectional views of the medication mixing and
delivery device as embodied in FIGS. 10A-D 1llustrating a
first actuation step so as to initiate mixing;
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FIGS. 15A-C illustrate various exterior perspective, side,
and cross sectional views of the medication mixing and
delivery device as embodied in FIGS. 10A-D illustrating an
actuated state;

FIGS. 16A-C 1llustrate various side, cross sectional, and
partially transparent views of the medication mixing and
delivery device as embodied 1n FIGS. 10A-D illustrating a
mixed state;

FIGS. 17A-B illustrate side and cross sectional views of
the medication mixing and delivery device as embodied in
FIGS. 10A-D illustrating an 1njection ready state;

FIGS. 18A-D illustrate various perspective views ol a
second actuation mechamsm of the medication mixing and
delivery device as embodied in FIGS. 10A-D 1illustrating
changing from the mixed state to an injected state;

FIGS. 19A-B illustrate side and cross sectional views of
the medication mixing and delivery device as embodied in
FIGS. 10A-D illustrating an injection complete state;

FIGS. 20A-D illustrate various perspective, side and cross
sectional views of the medication mixing and delivery
device as embodied 1n FIGS. 10A-D illustrating a needle
shield lockout mechanism:

FIGS. 21 A-B 1illustrate a perspective and cross sectional
view, respectively, of yet another alternative embodiment of
a medication mixing and delivery device 1n a stowed state;

FIGS. 22A-E illustrate various cross sectional views of
the medication mixing and delivery device of FIGS. 21A-B
through various actuation steps;

FIGS. 23A-D 1illustrate various cross sectional detailed
views ol a mixing assembly for use with the medication
mixing and delivery device of FIGS. 21A-B through various
actuation steps;

FIG. 24 illustrates a perspective exploded view of a
mixing assembly for use with the medication mixing and
delivery device of FIGS. 21 A-B through various actuation
steps:

FIGS. 25A-D illustrate various cross sectional views of
yet another alternative embodiment of a medication mixing,
and delivery device in various actuated states;

FIGS. 26 A-B 1llustrate principles of a rotary valve adapt-
able for use 1n any of the embodiments discussed herein;

FIGS. 27A-D 1illustrate principles of a sliding valve adapt-
able for use 1n any of the embodiments discussed herein;

FIGS. 28A-C 1llustrate various cross sectional views of
yet another alternative embodiment of a medication mixing,

and delivery device 1n various actuated states which utilize
chambers which are independently movable within a hous-
12,

FI1G. 29 illustrates an exemplary fluidic channel arrange-
ment adaptable for use 1n any of the embodiments discussed
herein;

FIG. 30 illustrates an exemplary fluidic channel and
removable ferrule arrangement adaptable for use 1 any of
the embodiments discussed herein;

FIGS. 31A-B illustrate various features and embodiments
of fluidic channel arrangements adaptable for use 1n any of
the embodiments discussed herein;

FIGS. 32A-C 1llustrate various additional features of yet
another alternative embodiments of a fluidic channel
arrangement adaptable for use in any of the embodiments
discussed herein;

FIGS. 33 A-B illustrates various additional features of yet
another alternative embodiment of a fluidic channel arrange-
ment adaptable for use 1n various embodiments discussed
herein; and
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FIGS. 34A-B illustrate extended and retracted states of a
delivery or injection assembly adaptable for use 1n any of the
atorementioned embodiments.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

It will be appreciated by those having skill in the area of
fabrication and storage of drugs, that the lifespan and
cellectiveness of the drug can be increased substantially by
keeping the medication 1n a dry state. Storage 1n a dry state
also decreases the rate of degeneration as well as the
degenerative ellects of temperature, for example heat expo-
sure. By keeping the drug in a dry state the breadth of
environments where the device can be stored 1s increased
while decreasing the frequency of required replacement.

The present mvention 1illustrates various principles and
devices which allow for the storage of a device having two
or more components contained theremn but which can
quickly and reliably reconstitute, dissolve, fluidize, and/or
put mnto a suspension, the components, 1.e. mix them,
immediately prior to delivery.

As such a system and method for storing and/or mixing a
dry medicament component with a wet component for
delivery to a user 1s contemplated herein. The system can
include an auto-injector having various chambers therein,
wherein the components of the drug are stored separately
within the various chambers 1n various states so as to
increase longevity, 1.e. a dry drug component 1n one cham-
ber, and a liquid, such as a solvent, in another. When the
auto-1njector 1s needed, the system can be actuated so as to
mix the components, thus reconstituting, dissolving, fluid-
1zing, and/or suspending a deliverable mixed drug, wherein
the mixed drug can then be properly delivered to a patient.
Examples of delivery can include, but are not limited to
nebulization for inhalation, mjection through a needle or
cannula, topical application, etc.

With reference to FIGS. 1-9, shown 1s an exemplary
embodiment of an auto-1njector 10 1n accordance with a first
embodiment. The auto-injector 10 1llustrates various aspects
ol the present invention, each of which will be discussed 1n
more detail below.

Referring to FIGS. 1A-C 1llustrate perspective views of
an auto-injector which 1illustrates various aspects of the
present invention. This embodiment illustrates an auto-
injector 10 which has a housing 100 and a cap 14. The cap
14 can be 1n mechanical communication with a first actua-
tion mechanism contained within the housing 100. By
applying an axial torsional force between the cap 14 and the
exterior housing, the actuator can cause certain components
contained within the housing to initiate certain steps in the
mixing process, for example open a valve between the
various chambers, and move fluid contained in one chamber
into the chamber containing the dry component of the
medicament, which steps will be discussed 1n more detail
below.

In certain embodiments, the cap 14 can be configured
such that separation of the cap 14 from the housing 100 can
be delayed until the device has moved completely from a
stowed state to a completely mixed state. In this manner it
can be ensured that the needle end of the auto-injector 10 1s
not exposed until the device 1s completely ready for delivery.
Such mechanisms can include a threaded interface between
the cap 14 and the housing 100, or the components can be
keyed such that separation i1s not possible until a certain
degree of rotation has been achieved, etc. Once the cap 1s
removed, the injection end of the housing can then be
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exposed and a second actuation device triggered so as to
inject or otherwise deliver the mixed medicament to a
delivery or injection site, for example by depressing the
housing up against the delivery site.

In other embodiments, the delivery of the mixed medi-
cament to the injection site can be configured 1n such a way
that the second actuation step cannot be activated until the
device has moved completely from a stowed state to a
completely mixed state. In this manner it can be ensured that
the needle end of the auto-imjector 10, while exposed after
removal of cap 14, cannot be activated until the device 1s
ready. Such embodiments are enabled by features internal to
the device, which will be described below. Once mixing 1s
complete, a second actuation device can be triggered so as
to 1nject or otherwise deliver the mixed medicament to a
delivery or injection site, for example by depressing the
housing up against the delivery site.

FIGS. 2A-B illustrate an exploded view of an auto-
injector 10 1 accordance with one embodiment of the
present invention. This exploded view 1llustrates the various
internal components within the housing 100 and the cap 14.
The housing can include a pre-loaded energy source 122
which 1s shown here as a spring, or which can be embodied
as a compressed air chamber, which 1s not shown but could
be adapted by those having skill in the art. The spring can be
configured to provide a driving force and counter force
between an mnner plunger shaft 212, and transferred to
various components of a mixing assembly 200 through
various stages, as will be discussed below. The mixing
assembly 200 can be contained within a frame 110 wherein
individual components of the mixing assembly 200 can be
configured to selectively rotate within the housing 100.

The mixing assembly 200 can be retained within the
frame using a frame cap 114 which can be formed separately
or unitarily with the frame 110. The frame cap 114 prevents
the mixing assembly 200 from pushing through the frame
110 and exiting the housing 100 completely upon 1njection.

A needle shield 150 and needle shield spring 154 can be
provide between the frame 110 and the housing 100 at an
injection end of the housing 100. The needle shield spring
154 can be configured to bias the needle shield 150 axially
downward so as to continuously restrict inappropriate expo-
sure of the needle 310 prior to, during, and after injection.

The frame 110 and portions of the mixing assembly 200
can be configured to rotate together within the housing when
an axially torsional force 1s applied between the cap 14 and
the housing 100. The cap 14 can thus be coupled 1n a radially
fixed manner to the frame 110 which is 1n turn coupled to
certain components of the mixing assembly 200, and a driver
interface 118 can also be provided which 1s rigidly coupled
to the housing 100 as well as coupled in a radially fixed
manner to alternative portions of the mixing assembly 200
such as to the mner plunger shait 212. In this manner the
axially torsional force and counter force applied between the
cap and the housing can be transferred into and caused to
actuate certain components of the mixing assembly 200.

The mixing assembly can include an inner plunger shaft
212 and an inner plunger 214 which together form a first
displacement mechanism. The first displacement mechanism
can be configured to reduce the eflective volume of the first
chamber, which will initially contain the wet solvent or other
liquid component of the medicament.

The plunger 1s configured to interface with an inner vial
210 which forms the first chamber. The 1nner vial can be
housed within a vial sleeve 220, or alternatively the vial
sleeve 220 and the mner vial 210 can be formed unitarily of
a single material.
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The vial sleeve 220 can then interface with a rotational
valve seal 230 which sits within an intermediate support
240. The intermediate support 240 can have a second
displacement mechanism 250, 1.e. a second plunger, which
1s coupled thereto, the second plunger being configured to
reduce the ellective volume of a second chamber located
within a second vial 270.

The second vial 270 can then be provided with a delivery
assembly 300 atlixed thereto which can include a needle 310
or cannula as well as a needle guard 314 or other barrier
configured to maintain sterility of the delivery assembly
prior to use.

FIGS. 3A-D and 4A-D 1llustrate cross sectional views of
the auto-injector 10 and the mixing assembly 200 through
various stages of mixing and delivery from a stowed state to
a delivered state.

FIGS. 3A and 4A specifically illustrate a stowed configu-
ration of the auto-injector 10 and the mixing assembly 200
contained therein. In this state the inner plunger shaft 212 1s
configured to rest on an upper edge of the mnner frame 110
wherein the upper edge of the frame 110 1s configured to
prevent the pre-loaded energy source from releasing the
energy stored therein and causing the plunger shait 212 to
depress and force the mner plunger 214 to move downward
and reduce the effective volume of the interior of the mnner
vial, 1.e. first chamber. Fluid communication between the
first chamber and the second chamber, which 1s contained
within the second wvial 270, has not yet been established
because an outlet of the 1nner or first vial (not shown here)
1s not aligned with the fluidic channel 254.

Dry medication can be kept 1n a recess 258 formed about
an 1nlet of the second chamber within the second vial 270,
such that fluid passing through the fluidic channel passes
through or at least in close proximity to the dry medicament
stored therein. It will be appreciated that the dry medication
can also be stored 1n the tfluidic channel connecting the first
and second chambers, or merely kept in any portion of the
second chamber wherein a specific recess 1s not provided.

In this stowed state the second chamber has 1ts effective
volume mitially reduced to near zero by the second dis-
placement device or plunger 250 so as to further decrease the
space occupied by the auto-imjector device 10, which
decreased space occupation aides in allowing the device to
be incrementally smaller, and thus easier to carry.

In this state the needle 310 and assembly, or other deliver
mechanism, 1s retracted so as to prevent premature injection.
The needle 310 1s also still withuin the needle guard 314 so
as to preserve sterility until the auto-injector 1s ready for
injection.

It will be appreciated that the cap 1s not shown 1n these
views for purposes of simplicity, however, the cap can, and
will usually be, on for the stowed state.

FIGS. 3B and 4B illustrate a second intermediate state
wherein the rotary valve 1s open and fluid communication 1s
established between the first and second chambers just prior
to depressing the plunger shatt 212 and the plunger 214. In
this state a rotational force has been applied between the
outer housing 100 which retains the driver interface 118
plunger shait 212, vial sleeve 220, mner vial 210 and the
valve seal 230 stationary with respect to the housing, then
the counter force which 1s applied to the cap 14 can then be
applied so as to twist the frame 110, and the intermediate
support 240 which carries the fluidic channel. This opposing
respective rotation between the plunger shait 212, mner vial
210, and the rotational valve seal 230 causes two things to
occur simultaneously: First, an outlet of the inner vial 1s
caused to align with an inlet to the fluidic channel thus
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establishing fluidic communication between the inner vial
210 and the second chamber 270; second, a set of protru-
sions of the plunger shait are brought into an axially aligned
channel provided in the frame 110 which allows the plunger
shaft to be partially dniven downward and cause displace-
ment of the fluid contained in the inner vial through the
fluidic channel and 1nto the second vial or chamber 270.

In this embodiment, the respective rotation causes the
outlet 224 of the first chamber or inner vial 210 which outlet
1s formed 1n the rotational valve seal 230 rotate about a
central axis until it 1s aligned with the inlet fluidic channel
254. In some embodiments the rotational valve seal 230 can
be configured to form the bottom wall of the inner vial 210,
or the inner vial 210 and rotational valve seal 230 can be
formed separately and distinctly.

As seen 1n FIG. 2, the rotational valve seal 230 of this
embodiment 1s keyed having protrusions and channels or
apertures corresponding to protrusions and apertures 1n the
vial sleeve such that 1t remains stationary with respect to the
vial sleeve and does not rotate as the cap and intermediate
support 240 are rotated so as to allow selective alignment
and misalignment between the outlet 224 and the fluidic
channel 254. Alternatively, in embodiments being devoid a
specific flmdic channel, alignment between the outlet 224
and an 1nlet of the second chamber so as to selectively allow
or prohibit fluid communication therebetween.

In this state the second chamber still has i1ts eflective
volume near zero by the second displacement device or
plunger 250. Additionally, 1n this state the needle 310 or
other deliver mechamism and assembly is still retracted so as
to prevent premature injection as mixing has not yet
occurred. The needle 310 1s also still within the needle guard
314 so as to preserve sterility until the auto-injector 1s ready
for imjection and the needle shield 150 1s still extended to
prevent premature injection.

FIGS. 3C and 4C 1illustrate a mixed state wherein the
intermediate support 240 and frame 110 have been rotated
with respect to the mixing assembly 200 such that plunger
protrusions 216 of the plunger shaft 212 have been aligned
with an axially aligned channel of the of the vial sleeve 220
as well as through a channel 1n a sidewall of the intermediate
support 240.

The axial alignment between the plunger shatt protrusions
allows axial translation of the plunger shait 212 into the
iner vial 210. Once this alignment has been achieved, the
plunger shaft 212 1s allowed to translate axially downward
thus depressing the inner plunger 214 into the mnner vial 210
which acts to displace the fluid contained therein through the
outlet 224 through the fluidic channel 254 and into the
second chamber contained within the second vial 270. The
second vial 270 1s permitted to expand 1ts effective volume
by being free to translate downward slightly within the
frame and housing. As the second chamber expands to
receive the fluid being displaced from the first chamber, the
fluid passes through or mto the recess 258, which contains
the dry medicament, the fluid dissolves the dry component
and mixes with the tluid as 1t enters the second chamber. In
another embodiment, the fluid passes 1nto the second cham-
ber 270, without a recess 258, and with the powder being
located elsewhere 1n the second chamber 270. The expand-
ing volume of the second chamber still allows for suthicient
mixing with the dry medicament to achieve appropnate
mixing.

In the embodiment shown the intermediate support 240
includes similar protrusions resting on an intermediate stop
of the frame, and the plunger protrusions of the plunger shatt
come to rest on the bottom of the intermediate support
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channel which indicates full depression of the first plunger
into the inner wvial, which also signifies that mixing 1is
complete and that the device 1s ready for the ijection step.

In this state the needle 310 or other deliver mechanism
and assembly 1s still retracted so as to prevent premature
injection as mixing has not yet occurred. The needle 310 1s
also still within the needle guard 314 so as to preserve
sterility until the auto-injector is ready for injection and the
needle shield 150 1s still extended to prevent premature
injection. However, the needle shield 150, which forms part
of a second trigger, 1s ready to be depressed and thus trigger
injection. The functionality of the needle shield 150 will be
discussed 1n greater detail below.

FIGS. 3D and 4D illustrate an injected state wherein the
mixing assembly 200 has been rotated another small incre-
ment within the housing 100 of the auto-injector 10 such that
that protrusions of the plunger shaft 212 as well as additional
protrusions, lower intermediate support protrusions 244 as
seen 1n FIGS. 8A-E which will be discussed 1in more detail
below, which are provided on the intermediate support 240
have been rotated around sufliciently so as to align with a
second axially aligned channel, 138 as seen 1n FIGS. 7B-D,
of the frame 110.

Once this alignment has been achieved, a second portion
of energy stored within the pre-stored energy source which
causes the entire mixing assembly to be pushed downward
such that the needle guard 314 comes into contact with the
frame cap 114 to stop the needle guard 314 such that the
needle 310 punctures needle guard 314 and i1s extended
through the needle guard 314. The needle 310 then extends
turther past the needle shield 150, and the needle 310 1s thus
extended 1nto or about a delivery site, further as the second
vial or chamber 270 hits the bottom portion of the frame cap
114, the second plunger 250 1s depressed into the second vial
or chamber 270 reducing 1ts eflective volume and causes the
fluid to be ejected through the delivery assembly and into the
patient or onto the delivery site.

FIGS. 5A-E illustrate perspective views of the mixing
assembly 200 within the frame 110 which 1llustrate various
stages of actuation through the mixing and 1njection process.

In particular, FIG. 5A 1illustrates the relative position of
the mixing assembly 200 with respect to the frame 110 in a
stowed state. In this state the plunger shaft 212 1s provided
with a plurality of plunger protrusions 216 which extend
radially outward and rest on an upper lip of the intermediate
support 240. It will be appreciated that the vial sleeve 220
1s also provided with a channel through which the plunger
protrusions 216 extend and allow for axial translation in
later steps of actuation. In this manner the plunger shaift is
maintamned 1 a non-depressed or stowed state wherein
rotation of the plunger protrusions 216 into the middle
support channel 248 must be effectuated before the plunger
shaft 212 can translate axially and depress into the vial (not
shown) contained within the vial sleeve 220.

FIGS. 5B-D illustrate the travel of the rotated state of the
plunger shaft 212 with respect to the vial sleeve 220 and
intermediate support 240. The plunger protrusions 216 are
aligned with the channel 248 and are thus ready for release
of a portion of energy contained in the pre-loaded energy
source to depress the plunger shait 212 into the vial sleeve
220 and the wvial contained therein (not shown) so as to
displace the fluid contained therein. In this embodiment, the
rotation of the plunger shaft also causes rotation of the vial
sleeve 220, which rotation causes the outlet of the first
chamber to align with the 1nlet of the fluidic channel leading
to the second chamber. In this manner the alignment and
thus opening of the fluidic channel occurs simultaneously
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with the alignment of the protrusions 216 with the interme-
diate support channel and allows the pre-loaded energy
source to depress the plunger shaft 212.

FIG. 5C illustrates an intermediate partially depressed
state and FIG. 5D illustrates a mixed configuration wherein
the plunger shaft and plunger have been fully depressed into
the first chamber displacing all of the liquid into the second
chamber.

FIG. SE illustrates a fully mixed state wherein the auto-
injector 1s fully ready for injection. The area A as 1llustrated
in FIG. SE will be discussed in further detail wherein the
mixing assembly 200, which includes the intermediate sup-
port 240 together with the vial sleeve 220 and plunger shaft
212 all need to rotate a small distance into the frame 110 so
as to 1nitiate the mjection step.

FIGS. 6A-E illustrate various perspective detailed and
cross sectional views of the area A as defined 1n FIG. S5E. As
discussed above the frame 1s provided with a plurality of
channels. The first frame channel 130 and the intermediate
stop 134 have a pair of upper support protrusions 242 of the
intermediate support supported therein. After the mixing
stage 1s complete the protrusions 216 of the plunger shaft
212 are resting on the intermediate support 240 on top of the
upper support protrusions 242.

In order to translate axially downward to eject the tluid
through the delivery assembly the intermediate support 240,
vial sleeve 230 and the inner plunger must rotate together so
as to be aligned with a second frame channel so as to allow
for a second portion of energy to be released from the
pre-loaded energy source thus driving the mixing assembly
downward, with the delivery assembly aflixed to the bottom
end thus eflectuation injection or delivery. To move from the
mixed state and begin injection the upper support protru-
sions 242 along with the plunger shaft protrusions 216 are
rotated radially into a second frame channel 138 as seen best
between the positions illustrated 1n FIG. 6D to FIG. 6E.

In particular, FIGS. 6 A-B illustrate perspective exterior
and cross sectional views of the interface shown by area A
of FIG. 5E wherein the auto injector and mixing assembly
1s 1n a mixed state with the plunger protrusions 216 being
depressed against the intermediate support 240 and associ-
ated upper support protrusions 242. All of which rests on the
intermediate stop 134 within the first frame channel 130.

FIGS. 6C-D 1illustrate perspective exterior views ol the
interface shown by area A of FIG. SE wherein the auto
injector and mixing assembly 1s 1n a mixed state but more
importantly illustrating an intermediate rotation of the
plunger and upper support protrusions 216 and 242 respec-
tively with respect to the frame 110 to an aligned con-
figuration with the second frame channel 138 just prior to
injection.

FIG. 6F 1illustrates the mixing assembly 200 as 1t 1s being
turther depressed into the frame 110 wherein the plunger
shaft 212 and protrusions 216 along with the intermediate
support 240 are depressed downward thus driving the deliv-
ery assembly (not shown) downward to inject the needle,
until the second vial engages the lower end of the frame,
stops, and the mtermediate support (not shown) then drives
the second plunger (not shown) into the second vial dis-
placing the mixed drug out of the delivery assembly and 1nto
the delivery site. It 1s this reason, as described above, that the
second actuation, which results 1n the translation of the
mixing assembly downward, can not occur until mixing 1s
complete. The plunger protrusions 216 can not rotate with
the upper support protrusions 242 until they are able to rotate
together, clear the frame and access the second frame
channel 138. If the user attempts to actuate the second
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actuation mechanism prior to plunger protrusions 216 com-
ing 1nto contact with upper support protrusions 242, the
mixing assembly will get stopped from entering the second
frame channel 138 by the frame 110. This mechanism 1is
helpiul 1n preventing the second actuation step from occur-
ring until all of the fluid from the first chamber has been
transierred into the second chamber.

FIGS. 7A-D illustrate various perspective exterior and
cross sectional views of the frame 110. These views 1llus-
trate the interior first frame channel 130 and second frame
channel 138 with more clarnty. These views also 1llustrate
the intermediate stop 134 upon which the upper support
protrusions of the intermediate support rests (not shown). In
some embodiments the second frame channel 138 can have
a tapered channel when etfectively increases the width of the
second frame channel 138 as the various protrusions travel
downward within the second frame channel 138. This taper-
ing ensures that the various protrusions do not bind up
during the 1njections step, and allow the protrusions to travel
freely downward until the second vial hits the stops, signal-
ing full needle extension and driving of the second plunger
into the vial thus fully ejecting the mixed fluid and medi-
cation compound.

FIGS. 7A-D also 1llustrate a safety mechanism 1n the form
of cap rotation locks 112 which interface with an upper
portion of the plunger shaft as well as the driver interface
such that once the cap 1s rotated a certain degree, a corre-
sponding protrusion enters into and meshes with the teeth of
the cap rotation lock 112 of the frame and prevents the cap
from being twisted back. In this manner, 1f the cap 1is
inadvertently twisted, and a risk of premature mixing 1is
presented by such rotation, a user cannot simply twist the
cap back and place the auto-injector back into storage
believing that no mixing has occurred. It will be appreciated
that, once mixed, even partially, the dry drug will typically
begin to degrade at an increased rate. The purpose of the
lock 1s to prevent accidental mixing, or at least signal to the
user that the drugs 1nside might have been previously mixed,
wherein instructions on whether or not to use 1n the case of
premature mixing can be provided.

FIGS. 8A-E illustrate how the needle shield 150 can be
configured 1n one embodiment to act as a bump switch and
trigger the 1njection step by providing the slight rotation of
the protrusions 216 and 242 ofl of the intermediate stop (not
shown here) and into the second frame channel discussed
above, (not shown). It will be appreciated that this view of
the mixing assembly 200 and needle shield 150 are shown
herein without the frame so as to better illustrate the inter-
action of the needle shield 150 with the mixing assembly
200. However, 1t will be appreciated that the slight rotation
shown here provides the rotation as illustrated i FIGS.
6C-E.

In the embodiment shown 1n FIGS. 8 A-E an upward force
1s applied to the needle shield 150 by depressing the injec-
tion end of the auto-injector against the delivery site. In
response to this depression force, the needle shield 150
translates upward within the housing and frame such that a
lower support protrusion 244 1s released from a needle
shield hook 158. The needle shield hook prevents premature
rotation of the mtermediate support off of the intermediate
stop during the changing of states from the stowed state to
the mixed state by rotation of the vial sleeve and inner
plunger as discussed above, preventing the intermediate
support from rotating with those components during mixing,
and thus preventing premature injection. Additionally, the
shield hook can be configured so as to transfer the axially
rotational force to be applied to the cap, through the frame,
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and 1nto the mtermediate support, which allows for relative
rotation between the rotational valve seal, as discussed
above, and the fluidic channel disposed within the interme-
diate support so as to allow i1mtial opening of the rotary
valve.

As the needle shield 150 translates upward, the lower
support protrusions 244 of the intermediate support interface
with a needle shield cam ramp 162. As the needle shield 150
continues to travel upward relative to the intermediate
support, the lower support protrusions 244 slide on the
needle shield cam ramps 162 and a rotation of the entire
mixing assembly 200 1s induced as shown 1n FIG. 8C. In this
embodiment the width of the needle shield cam ramps 162
corresponds with a radial distance required to move the
upper support protrusions 242 and the plunger protrusions
216 off of the intermediate stop and into the second frame
channel which corresponds to the released configuration as
illustrated in FIG. 8D. Whereupon, as shown by FIG. 8E the
entire mixing assembly 200 can travel downward by force
applied from the pre-stored energy source and result in
injection or other delivery.

FIGS. 9A-B illustrate an extension and locking function
of the needle shield 150. It will be understood that 1t 1s of
general interest to reduce the potential for mnadvertent con-
tamination or sticks of other people prior to injection, during,
injection, and after injection. As such the needle shield 150
of the present embodiment serves both as a bump switch as
well as a protective barrier between the user, and other
people from 1nadvertent sticks, jabs, or cuts from an exposed
needle. As such, after the bump switch 1s activated, the
needle shield hook, as discussed above, 1s released and a
needle shield spring 154, as shown i FIG. 2, or other
biasing mechanism, 1s released so as to push the needle
shield outward, or axially downward aiter activation. The
delivery assembly and needle are not ejected until the bump
switch 1s first activated, then after injection, as the user pulls
the auto-injector away from the delivery site, the needle
shield 1s simultaneously extended until 1t clears past the tip
of the needle, essentially eliminating the risk of secondary
pricks and cross contamination of bodily fluids to other
people post 1njection.

In the embodiment shown the frame cap 114 can be
provided with a plurality of protrusions, both lock protru-
sions 116 for interfacing with one or more needle shield
guide channels 166 and needle shield extension lock tabs
170 which interface with the interior of the frame or hous-
ing. The guide channels can have space for allowing initial
depression whereupon the extension lock protrusions can
slide up and then interferingly engage with the lock tabs 1n
a fully extended state after injection. The tabs can prevent
pulling the needle shield 150 completely free from the
housing as well as prevent a secondary depression of the
needle shield 150 which would expose the extended needle.

With reference to FIGS. 10-20, shown 1s an alternative
exemplary embodiment of an auto-injector 400 in accor-
dance with a second embodiment. The auto-injector 20
illustrates additional aspects of the present invention, each
of which will be discussed 1n more detail below.

Referring to FIGS. 10A-C illustrate perspective views of
an auto-injector 400 which 1illustrates various aspects of the
present invention. This embodiment illustrates an auto-
injector 400 which has an exterior housing 402 and a cap
414. The cap 414 can be in mechanical communication with
a first actuation mechanism contained within the exterior
housing 402. Similar to the embodiment discussed previ-
ously, by applying an axial torsional force between the cap
414 and the exterior housing 402, the actuator can cause
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certain components contained within the housing to 1nitiate
certain steps 1n the mixing process, for example open a valve
between the various chambers, and move fluid contained 1n
one chamber 1nto the chamber containing the dry component
of the medicament, which steps will be discussed 1n more
detail below. The relative motion of the various components
can be provided through the use of various protrusions
which engage with or otherwise interact with cams or
channels within the housing.

In certain embodiments, the cap 414 can be configured
such that separation of the cap 14 from the housing 402 can
be delayed until the device has moved completely from a
stowed state to a completely mixed state. In other embodi-
ments the cap can act merely as a contaminant barrier and
actuation 1s effectuated after removing the cap. The embodi-
ment shown 1llustrates the first, wherein removal of the cap
cllectuates 1nitiation of, and completion of, the mixing step.
In this manner 1t can be ensured that the needle end of the
auto-njector 400 1s not exposed until the device 1s com-
pletely ready for delivery.

With regard to the cap 414 and in reference to FIGS.
11A-C, the Cap 414 can include cam protrusions on an
internal portion of the housing or frame which interact with
associated cam ramps 416, wherein the cam ramps 416
allow for release through the keyway 417 after a certain
degree of rotation has been achieved. In alternative embodi-
ments, threaded interfaces can be provided between the cap
414 and the housing 400 wherein the axial relative transla-
tion of the cap and the housing can eflectuate an 1mitiation of
the mixing step i1s also contemplated. However, in each of
these embodiments once the cap 1s removed, the injection
end of the housing can then be exposed and a second
actuation device triggered so as to 1nject or otherwise deliver
the mixed medicament to a delivery or injection site, for
example by depressing the housing up against the delivery
site, which acts as a bump switch which 1 turn nitiates
injection.

The cap 414 can also include a pair of retaining clips 418
which can interface with a pair of indents on the frame of
housing so as to prevent premature rotation of the cap and
associated activation of the auto injector.

FIGS. 12A-E illustrate various exploded views of various
internal assemblies within the auto-injector 400 in accor-
dance with one embodiment of the present invention. These
exploded views illustrate the various internal components
within the housing 402 and the cap 14. The housing 402 can
include a pre-loaded energy source 522 which 1s shown here
as a spring, or which can be embodied as a compressed air
chamber, which 1s not shown but could be adapted by those
having skill in the art. The spring can be configured to
provide a driving force and counter force between an inner
plunger shatt 612, the driving force being transferred to
vartous components of a mixing assembly 600 through
various stages, as will be discussed below. The mixing
assembly 600 can be contained within a frame 510 which 1s
can be configured to rotate within the housing 402.

A needle shield 550 and needle shield spring 554 can be
provide between the frame 510 and the housing 402 at an
injection end of the housing. The needle shield spring 554
can be configured to bias the needle shield axially downward
s0 as to continuously restrict open and inappropriate expo-
sure of the needle prior to, during, and after injection.

The frame 510 and portions of the mixing assembly 600
can be configured to rotate together within the housing when
an axially torsional force 1s applied between the cap 414 and
the housing 402. The cap 414 can thus be coupled 1n a
radially fixed manner to the frame 310 which 1s 1n turn
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coupled to certain components of the mixing assembly 600.
In this manner the axially torsional force applied between
the cap 414 and the housing 510 can be transferred into and
caused to actuate certain components of the mixing assem-
bly 600 using actuation means which will be discussed in
more detail below.

The mixing assembly 600 can include an inner plunger
shaft 612 and an mnner plunger 614 which together form a
first displacement mechanism which can be configured to
reduce the effective volume of the first chamber, which will
initially contain the wet solvent or component of the end
injectable medicament.

The plunger 614 1s configured to interface with an inner
vial 610 which forms the first chamber. The inner vial can be
housed within a vial sleeve 620, or alternatively, the vial
sleeve 620 and the 1nner vial 610 can be formed unitarily of
a single material.

The intermediate support 640 can have a second displace-
ment mechanism 650, 1.e. a second plunger, which 1s

coupled thereto, the second plunger being configured to
reduce the eflective volume of a second chamber located
within a second vial 670.

The second vial 670 can have a delivery assembly 700
aflixed thereto which can include a needle 710 or cannula as
well as a needle guard 714 or other barrier configured to
maintain sterility of the delivery assembly prior to use. The
needle 710 can be afhixed to the second vial 670 using a
bonding interface 716, which can be provided as a crimp,
adhesive, curing epoxy, or any other number of suitable
interfaces.

FIGS. 13 A-D illustrate various perspective, side and cross
sectional views of the auto-injector 400, with the cap
removed, wherein the mixing assembly 1s maintained in a
stowed state prior to 1nitiation.

FIGS. 14A-C illustrate various perspective, side and cross
sectional views of a various states of assembly of the
auto-njector 400, with the cap or housing removed which
illustrates actuation of the first mixing step, wherein rota-
tional motion of the upper portion of the mixing assembly 1s
illustrated prior to the valve being open and energy from the
pre-loaded energy source 1s released. In this state the inner
plunger shaft 612 1s resting on an upper edge of the inner
frame 510 wherein the upper edge of the frame 510 is
preventing the pre-loaded energy source from releasing the
energy stored therein and causing the plunger shaft from
depressing and forcing the mnmner plunger from moving
downward and reducing the effective volume of the 1nterior
of the inner wvial, 1.e. first chamber. Fluild communication
between the first chamber and the second chamber within
the second vial 670 has not yet been established because an
outlet (not shown here) 1s not aligned with the fluidic
channel (not shown).

Dry medication can be kept within the flmdic channel
between the two chambers, or alternatively the dry medica-
tion can be stored within the second chamber within the
second vial 470.

In this state the needle 710 or other deliver mechanism
and assembly 1s retracted so as to prevent premature 1njec-
tion. The needle 710 1s also still within the needle guard 714
so as to preserve sterility until the auto-injector 1s ready for
injection.

It will be appreciated that the cap 1s not shown in these
views for purposes of simplicity, however, the cap can and
will usually be on for the stowed state.

FIGS. 15A-C specifically 1llustrate a mixing initiated step
wherein a fluidic pathway has been established between the
first and second chambers just prior to release of energy
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from the pre-loaded energy source to drive the fluid from the
first chamber into the second chamber. In this state the rotary
valve 1s open and fluid communication 1s established
between the first and second chambers just prior to depress-
ing the plunger shatt 612 and the plunger, 614 1n FIG. 12C.
In this state a rotational force has been applied to the outer
housing 402 and the cap 414 wherein the force 1s applied to
twist the plunger 614 and plunger shait 612 inner vial 610
vial sleeve 620 with respect to the housing 100, the frame
510 and intermediate support 640.

This respective rotation causes an alignment of an outlet
of the first chamber 610 with a fluidic channel extending into
the second chamber 670.

In this state the needle 710 or other deliver mechanism
and assembly 1s still retracted so as to prevent premature
injection as mixing has not yet occurred. The needle 710 1s
also still within the needle guard 714 so as to preserve
sterility until the auto-injector is ready for injection and the
needle shield 550 1s still extended to prevent premature
injection.

FIGS. 16 A-C and 17A-B illustrate a mixed state wherein
the mixing assembly 600 has been rotated suthiciently within
the housing such that protrusions, 616 from FIGS. 14A and
15A, of the plunger shait 612 have been rotated around
sufliciently so as to align with an axially aligned channel of
the of the vial sleeve 620 as well as through the intermediate
support 640, and has translated axially so as to rest on an
intermediate stop of the frame. This axial alignment allows
axial translation of the plunger shait 612 into the inner vial
610, which acts to displace the fluid contained therein
through the outlet, through the fluidic channel, and into the
second chamber contained within the second vial 670 to mix
with the dry medicament in the fluidic path.

In this state the needle 710 or other deliver mechanism
and assembly 1s still retracted so as to prevent premature
injection as mixing has not yet occurred. The needle 710 1s
also still within the needle guard 714 so as to preserve
sterility until the auto-injector is ready for injection and the
needle shield 550 1s still extended to prevent premature
injection.

However, the needle shield 550, which forms part of a
second trigger, 1s ready to be depressed and thus trigger
injection. The functionality of the needle shield 550 will be
discussed 1n greater detail below.

FIGS. 18A-D illustrate various perspective views of a
second actuation mechamsm of the medication mixing and
delivery device as embodied 1n FIGS. 10A-D illustrating
changing from the mixed state to an injected state. This
actuator functions similarly to the embodiment discussed
above wherein the intermediate support 640 1s provided with
a protrusion 644 which is rotated incrementally by depress-
ing the needle shield 550. The incremental rotation of the
intermediate support 640 causes the plunger protrusions, not
shown here, to rotate with the intermediate support 640 and
align with a second channel of the housing or frame, and
allow for injection to be mitiated.

FIGS. 18A-D illustrate a bump switch which operates
similarly 1n function to the embodiments discussed above,
however the protrusions of the intermediate support are
located 1n a slightly different configuration, as seen. In
particular, the mtermediate support does not have an upper
protrusion and instead has channels through which the
protrusions of the imner plunger can travel through and
interface with the intermediate stop, thus allowing the auto-
injector to stop in a mixed but non-injected state.

It will be understood that this embodiment also works
using a rotational style valve which utilizes selective align-
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ment of an outlet 624 of the first chamber 610 with the nlet
of the flmdic channel, wherein the selective alignment
corresponds with an open configuration when aligned and a
closed configuration when misaligned.

FIGS. 19A-B illustrate an 1injected state wherein the
mixing assembly 600 has been rotated another small 1ncre-
ment within the housing 402 of the auto-injector 400 such
that that protrusions of the plunger shait 612 have been
rotated around sufliciently so as to align with a second
axially aligned channel of the frame 510, the second channel
1s not shown herein, but 1s similar 1n arrangement to the
embodiment previously discussed in particular with refer-
ence to FIG. 7A-D. Once this alignment has been achieved,
a second portion of energy stored within the pre-stored
energy source which causes the entire mixing assembly to be
pushed downward wherein the second vial 670 hits a bottom
portion of the frame 510 and frame cap 414 wherein the
needle 710 1s extended through the needle guard 714 past the
needle shield 550 and extended into or about a delivery site,
turther as the second vial 670 hits the bottom portion of the
frame 510 the second plunger 6350 1s depressed into the
second vial 670 reducing its effective volume and causes the
fluid to be ejected through the delivery assembly and 1nto the
patient or onto the delivery site.

In this state the needle 710 or other deliver mechanism
and assembly are extended such that the needle 710 pen-
ctrates the needle guard 714 and 1s extended past the needle
shield 750.

In order to translate axially downward to eject the fluid
through the delivery assembly the intermediate support 640,
vial sleeve 630 and the inner plunger 612 must rotate
together so as to be aligned with a second frame channel so
as to allow for a second portion of energy to be released from
the pre-loaded energy source thus driving the mixing assem-
bly downward, with the delivery assembly aflixed to the
bottom end thus eflectuation 1njection or delivery. To move
from the mixed state and begin injection, and as discussed
above with reference to FIGS. 18A-D, the intermediate
support can be provided with one or more protrusions 644,
which can be caused to rotate similar to the previously
discussed embodiment using cam ramps associated with a
bump switch, which the needle shield 550 forms part.

FIGS. 20A-D 1llustrate an extension and locking function

of the needle shield 550. It will be understood that 1t 1s of

general 1nterest to reduce the potential for mnadvertent con-
tamination or sticks of other people prior to injection, during
injection, and aiter injection. As such the needle shield 550
ol the present embodiment serves both as a bump switch as
well as a protective barrier between the user, and other
people from 1nadvertent sticks, jabs, or cuts from an exposed
needle. As such, after the bump switch 1s activated, the
needle shield hooks as discussed above are released and a
needle shield spring 554 or other biasing mechamism which
1s configured to push the needle shield outward, or axially
downward. The delivery assembly and needle are not ejected
until the bump switch 1s first activated, then after injection,
as the user pulls the auto-injector away from the delivery
site, the needle shield 1s simultaneously extended until the
needle clears past the tip of the needle, essentially eliminat-
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In the embodiment shown the housing 402 can be pro-
vided with a plurality of protrusions 516 for interfacing with
an upper locking edge 566 of the needle shield. Once the
needle shield 550 has been extended a certain degree the
protrusions 316 engage with the upper locking edge 566 and
prevent subsequent depression of the needle shield. The
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needle shield hook 558 which previously prevented the
premature rotation of the intermediate support can now act
as an extension prevention mechanism and can interface
with the protrusion 644 of the intermediate support 640 so
as to prevent complete removal of the needle shield 550 and
thus expose the contaminated needle.

FIGS. 21-24 illustrate various aspects of yet another
auto-injector 1010 1n accordance with yet another embodi-
ment of the present invention. The auto-injector 1010 can
include a housing 1100 which houses a plurality of cham-
bers. The chambers can include a first wet chamber 1210
which can mitially contain a wet component for reconsti-
tuting, dissolving, and/or suspending a dry medicament. The
dry medicament can be contained within a second chamber
1270 or within a fluidic channel 1254 which connects the
two chambers, or within a recess formed at an opening or
outlet thereof. The orientation of this embodiment includes
an mtermediate support 1240 which pushes a first plunger
1214 upwards into the first chamber 1210.

It will be appreciated that, with respect to gasses, most
fluids are considered incompressible. In order to facilitate
upward motion of the first plunger 1214 and the fluid
contained within the first chamber 1210, a third plunger
1215 and a squeeze chamber 1004 can be provided wherein
a compressible gas 1s provided within the squeeze chamber
1004 or the gas contained therein 1s permitted to exit the
squeeze chamber 1004. The upward translation of the first
plunger 1214 allows it to travel into a portion of the first
chamber 1210 which 1s provided with a fluidic bypass 1255
in the sidewall. In this bypass portion, the fluidic bypass
1255 allows the first chamber 1210 to be compressed and the
fluid to travel around the first plunger 1214 through the
fluidic bypass 1255 and 1nto and through a fluidic channel
1254 so as to enter into the second chamber 1270 so as to
mix with the dry medicament provided within the fluidic
channel 1254 or within the second chamber 1270. In the
embodiment shown, the plunger 1214 can be provided with
a radially disposed slot on 1ts bottom surface so as to allow
fluid to travel from the bypass channel 1255 which 1s located
about the perimeter of the chamber, to the inlet of the fluidic
channel 1254 which 1s located about a central portion.

In this embodiment the intermediate support 1240 can
support the second plunger 1250 such that the upward
translation of the first plunger 1214 also causes the second
chamber 1270 to push away from the second plunger 1250
simultaneously as the first chamber 1210 1s compressed so
as to expand and accordingly receive the fluid as it travels
through the bypass 1255, through a channel formed 1n the
bottom of the first plunger 1214, through the fluidic channel
1254, and into the second chamber 1270.

FIGS. 21B, 22A-E, and 23A-D illustrate the wvarious
stages of the auto mnjector 1010 and the mixing assembly
1200 from a stowed through the various mixing stages and
finally to an injected state.

FIG. 22A and FIG. 23A illustrate the auto-injector and
mixing subassembly 1n a stowed state wherein the fluid 1s 1n
the first chamber 1210, the first plunger 1214, intermediate
support 1240 and the third plunger 1215 have not been
translated upward.

FIG. 22B and FIG. 23B illustrate the auto-injector and
mixing subassembly in an intermediate state wherein the
intermediate support 1240 1s beginning to move the {first
plunger 1214 and the third plunger 1215 upward so as to
move the first plunger 1214 1nto the fluidic bypass portion
along the length of the bypass fluidic channel 1255 and
wherein the third plunger 1215 1s beginning to compress the
squeeze chamber 1004. This position allows the fluid con-
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tained 1n the first chamber 1210 to bypass around the first
plunger 1214 through the bypass channel 1255 and through
1214 into the flmdic channel 1254 and into the second
chamber 1270 which expands 1n effective volume as the
intermediate support 1240 moves upwards.

FIGS. 22C-D and FIG. 23C 1illustrate the auto-injector and
mixing subassembly 1 a mixed state wherein the nterme-
diate support 1240 1s fully depressed upwards having moved
the first plunger 1214 and the third plunger 1215 completely
upward so as to fully displace all of the fluid out of the first
chamber 1210. In this position the fluid 1s completely
contained 1n the second chamber 1270 and ready for injec-
tion. In this fully injected state the needle 1s extended
through the housing 1100 and 1nto or about a delivery site.

FIG. 22E illustrates the auto-injector and mixing subas-
sembly 1n a fully mnjected state wherein the entire mixing
assembly 1s depressed downward and into the second cham-
ber thus displacing the mixed medication and fluid out
through the delivery assembly, 1.e. the needle.

FIG. 25A-D illustrates yet another embodiment of an
auto-njector 1300 which has a first chamber 1410 contain-
ing a fluid component therein and a second chamber 1470
containing a dry medicament component. The auto-injector
1300 can have a movable body 1450 which has a fluidic
channel 1454 provided therethrough. In one embodiment the
fluidic channel can contain the dry medicament component.
In another embodiment the dry medicament component can
be placed just upstream from the fluidic channel In order to
displace the fluid within the first chamber 1410 into the
second chamber 1470.

In one embodiment an 1nitial tensile force can be applied
at two ends of the housing so as to be pulled or telescoped
axially apart thus causing a first telescoping eflect which

causes the movable body 1450 to be displace upwards into
the first chamber 1410 and force the fluid from the first

chamber 1410, through the flmidic channel 1454 and into the
second chamber 1470. This motion of the movable body
upwards causes the second chamber 1470 to simultaneously
expand so as to facilitate in the receipt of the fluid being
displaced and thus facilitate mixing of the fluid with a dry
medicament stored either within the fluidic channel 1454 or
within the second chamber 1470. Once the fluid and the dry
medicament are fully mixed the device can be pulled or
telescoped axially apart further, which telescoping causes a
pin 1314 disposed within the housing 1310 to pull away
from a lock mechanmism 1304, wherein a trigger device
causes protrusions of the locking mechanism to translate
radially inward and release through a hole, wherein trans-
lation was previously restricted by the pin 1314, wherein the
trigger also allows a pre-loaded energy source 1322, 1.e. a
spring to be released, and push the entire mixing assembly
1350 1n an axial direction toward the needle assembly. This
trigger device can also be provided as a bump switch or
needle guard depression switch similar to those disclosed
with reference to the embodiments disclosed above. Once
the needle 1s extended from the housing a bottom portion of
the second chamber 1470 will engage the housing 1310 and
cause the movable body 1450 to displace the fluid in the
second chamber 1470 out through the needle 1490 and into
the delivery site.

FIG. 24 illustrates a perspective exploded view of the
embodiment of the auto-imector 1010 of FIGS. 21-23,
which better 1llustrate the assembly and how many of the
individual components interact with one another. A housing
1100 can contain the mixing assembly 1200, wherein the
mixing assembly 1200 can be retained within the frame 1100
by the needle guard 1110 on an injection end and by a
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retention clip 1119 and pull trigger 1118 on an opposing
distal end. The mixing assembly 1200 can include up 1nner
vial 1210 and an intermediate support 1240 wherein the
extension of the pull trigger 1118 causes the cam ring 1117
to rotate and allow the mixing spring 1123 to discharge a
torsional and axial force stored therein so as to rotate the
middle stopper 1117. Rotation of the cam ring 1117 1s
configured to cause the imtermediate support 1240 to trans-
late upward into the 1nner vial 1210, open fluidic commu-
nication, and displace the fluid contained therein into the
second vial 1270. It will be appreciated that cam ring 1117
and 1mtermediate support 1240 can be separate components
for purposes of assembly, or alternatively they can be
unmitarily formed. Then upon depressing the needle guard
1110 into the housing 1100 the main spring 1122 1s dis-
charged and the entire mixing assembly 1200 1s forced
downward extending a needle (not shown) through the
housing. The fluid, which 1s now contained 1n vial 1270, 1s
then displaced through the needle contained in sterility
barrier 1114. It will be appreciated that sterility barrier 1114
can be configured to be removed prior to use, or penetrated
during 1njection just prior to delivery of the mixed fluid.
Once 1njection 1s completed the needle guard spring 1154
can bias the needle guard 1110 outward into an extended and
locked position so as to protect inadvertent sticks by the now
extended needle.

FIGS. 26 A-B illustrate the principles of operation of a
rotary valve 800 for use in the embodiments discussed
above. A rotary valve can be formed wherein a fluidic
pathway 1s established by rotating one aperture with another.
In this exemplary illustration the aperture 804 can be pro-
vided 1 a bottom portion of a vial which forms a top
interfacing portion 802 forming a chamber and the second-
ary aperture 814 provided through a bottom interfacing
portion of the seal 810, which can be the inlet to the
remaining portion of a fluidic channel leading to another
chamber. FIG. 26 A illustrates a closed configuration wherein
the two apertures are misaligned and fluild communication
does not exist. FIG. 26B 1llustrates an open configuration
wherein the two apertures are aligned and fluid communi-
cation 1s established. It will be appreciated that in order to
form a better seal, one or both of the components can be
formed of a material having elastic properties such as rubber
or silicone. In another embodiment, one of the components
1s rubber and another 1s hard plastic. In another embodiment
cach of the sealing surfaces are made up of a combination of
hard plastic and elastomeric materials in one interface.

FIGS. 27A-D illustrate an alternative valve mixing
assembly 900 which 1s eflectuated by means of sliding two
components axially with respect to one another so as to
eflectuate establishment of fluidic communication, rather
than through rotation.

FIG. 27A 1illustrates a stowed state wheremn fluid 1s
contained 1n a first vial 910 by a first plunger 940, wherein
the first vial 910 has an outlet 914 which 1s misaligned with
the fluidic channel inlet 952 of the fluidic channel 950 1n an
axial direction, wherein the fluidic channel 950 provides
fluidic commumnication with the second vial 920. The fluidic
channel 950 1s disposed 1n an mtermediate body 930 which
can double as a second plunger for the second vial. Mixing
can be imtiated through various cams or axially forces

applied to the mixing system which cause a relative axial
translation between the first vial 910 and the intermediate
support 930 so as to align the outlet 914 with the fluidic
channel inlet 952. The intermediate support can then be
caused to translate axially with respect to the intermediate
support simultaneously as the first plunger 940 1s depressed
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into the first vial 910 until all of the fluid has been received
in the second chamber 920 and completely displaced from
the first chamber 910. Then both the first plunger and the
intermediate support can be simultaneously depressed so as
to displace the fluid out of the needle 960 which simulta-
neous depression can cause the needle to penetrate the
needle guard 970. It will be appreciated that axial translation
can be achieved by ftranslating rotational motion using
ramped cam systems and corresponding protrusions, various
spring mechanisms in different configurations all of which
will be within the scope of the present invention and wall
also be within the understanding of one of ordinary skill 1n
the art having possession of this disclosure.

For purposes of the sliding valve of FIGS. 27A-D 1t will
be appreciated that various eflectuation means can be etlec-
tuated by various protrusions such as on the vial sleeve
which can translate within channels provided in adjacent
components so as to eflectuate the axial translation of the
first chamber, and 1ts associated outlet, with the inlet of the
fluidic channel.

FIGS. 28 A-C 1llustrate yet another mixing assembly 1500
adaptable for use in one or more of the auto-injectors above.
This alternative valve mixing assembly 1500 1s effectuated
by displacing a first chamber 1510 with respect to an initially
stationary plunger 1514, the outer surface of the first cham-
ber 1510 can be provided with a seal and function as a
plunger for a second chamber 1570. By displacing the first
chamber 1510 upward, a fluid contained therein can travel
through an aperture or valve 1518 so as to be displaced into
the second chamber 1570, which can contain the dry medi-
cament therein, or the dry medicament can be stored 1n the
fluidic channel, wherein the upward motion of the first
chamber automatically expands in response to the upward
motion of the first vial 1510. The second vial 1570 can be
held stationary, or be provided with independent protrusions
which cause 1t to not be drawn upward at all, or at least not
be drawn upward at the same rate as the first vial 1510 so as
to facilitate proper expansion in response to the volume of
fluid moving from the first chamber into the second cham-
ber. Once mixing 1s complete the plunger 1514 as well as the
rest of the assembly can be forced downward so as to
facilitate injection. For purposes of illustration, a spring
could be configured to act on the plunger after mixing is
complete and provide a compressive force of the mixing
assembly 1500 between the spring and an outer housing 1n
which the mixing assembly resides so as to displace the fluid
from the second chamber and out of the needle 1590. which
1s ellectuated by means of sliding two components axially
with respect to one another so as to eflectuate establishment
of flmdic communication, rather than through rotation.

FIGS. 29-30 illustrate various intermediate bodies 8350
and 850A having flmdic channels 852 disposed therein. The
fluidic channel 852 can have an inlet 8354 for receiving a
fluid and allowing the fluid to pass therethrough. In some
embodiments a secondary fluidic body 860 having a sec-
ondary fluidic channel 856 can be provided which receives
the fluid, the secondary fluidic body can introduce additional
flow features so as to affect flow therethrough. In the
embodiment shown the secondary body can be provided
with a plurality of turbulence features which induce turbu-
lent flow and increase flow speed, pressure differential, and
can increase the eflectiveness of mixing between the fluid
and a dry medicament which can be stored therein. In
another embodiment the dry medicament can be stored 1n
854.

FI1G. 30 illustrates an alternative intermediate body 850A
with a recess configured to receive a customizable ferrule
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862. The ferrule can have an enlarged interior portion
configured to recerve an amount of dry medicament wherein
a selection of ferrules can be provided having greater or
smaller interior portions for adjusting the dosage of medi-
cament for a particular end user. It will be appreciated that
the intermediate bodies of these respective embodiments can
be oriented in any fashion such that the inlets or outlets are
switched or such that the ferrule 1s at either an 1nlet or outlet
of 1ts respective mtermediate body.

FIG. 31 Allustrates additional embodiments of secondary
fluidic bodies 860A and 860B which can introduce addi-
tional bends and passes to the various fluidic pathways
856 A-B.

FIG. 31B illustrates a detailed perspective cross sectional
view ol a fluidic channel 856 and respective turbulence
inducing features 857.

FIGS. 32A-C 1llustrates a fluidic channel assembly 870
which can be adapted for use with any of the embodiments
discussed above. The fluidic channel assembly 870 can
include a dosage ferrule 872, which 1n one embodiment
contains dry powder medicament, a channel sleeve 875 and
a fluidic channel 876. A fluidic channel insert 874 for use 1n
the fluidic channel assembly 870 can be formed by coupling
two separate plates 878 and 880 which are machined to form
a gap when pressed together thus forming the fluidic channel
876. By forming the fluidic channel between two separate
plates, more complex internal features 882 can be formed
prior to assembly. It will be appreciated that the two plates
can be bonded in any suitable manner such as welding,
adhesive, etc. The channel sleeve can then be provided so as
to ensure a seal and reduce leakage. This fluidic channel
insert 870 can be adapted for use with any of the embodi-
ments discussed above.

FIGS. 33A-B illustrate yet another embodiment of a
proposed tluidic channel assembly 630A. This fluidic chan-
nel assembly 630A can be formed of a seal component 632A
which directs fluid received from an upper portion 1nto a
desired entry point on a fluidic channel component 634A. In
one embodiment, a dry powder medicament can be stored 1n
the pocket recess 1 632A. In another embodiment, a dry
powder medicament can be stored in the fluidic channels
636 and 638. Various fluidic channel designs 636 and
features 638 can be formed 1nto an upper surface of the
fluidic channel component 634A 1n virtually any suitable
configuration through various machining means, laser, acid
ctching, 1njection molding, or embossing or any other suit-
able process so as to form a desired channel configuration
636 or features 638. The channels can ensure proper fluid
dispersion, induce turbulence, or provide any other number
of desired flow characteristics of the fluid passing there-
through.

It will be further understood by those in possession of this
disclosure that the chambers and respective plungers can be
movable with respect to one another. As such, 1n some cases,
and as shown here, translating the plunger into the vial
which forms the respective chamber can be one method of
reducing the effective volume and displacing tluid contained
therein. In other embodiments the vials themselves can be
displaced onto, or with respect to, a stationary plunger so as
to provide the displacement force. In yet other embodiments
a combination of the two can be utilized so as to provide the
displacement eflect.

FIGS. 34A-B 1llustrate an 1njection or delivery assembly
1600 adaptable for use with any of the auto-injectors dis-
cussed above. FIG. 34A illustrates an exemplary mixing
assembly 1650, similar to any of the mixing assemblies
disclosed herein, the mixing assembly 1650 having an
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expanded second chamber 1670 containing the mixed drug
and liquid component just prior to mjection. A septum 1612
1s provided between the inlet end of the needle 1610 and
separates the mterior channel or cannula of the needle from
introducing contaminants therethrough into the second
chamber 1670 prior to 1njection. Additionally septum sepa-
rates the needle from the mterior of the second chamber so
as to prevent premature leaking and full mixing of the
various components prior to actuation and injection.

It will be appreciated that the needle has both a distal or
injection end and a proximal end. The distal end can be
configured to enter into a patient at an 1njection site and the
proximal or inlet end being configured to pierce and ulti-
mately penetrate the septum. It will be further appreciated

that 1n FIG. 34 A the needle 1610 has still not yet penetrated
the septum 1612.

As shown 1n FIG. 34A, the needle 1610 can be partially
embedded 1nto, but not fully penetrated through, the septum
1612 in a stowed state wherein the needle 1610 can penetrate
the septum 1612 and open flmud communication out the
injection end just prior to injection.

In order to provide penetration of the septum 1612 by the
needle 1610, the needle can be carried by a translating
needle carrier 1620. The needle carrier 1620 can have a
translating body which 1s allowed to translate axially along
the needle axis with respect to the second chamber 1670 and
the septum 1612. The degree of translation can be limited or
controlled by providing abutting shoulders which interfere
with one another at certain points along the relative travel
distance between the carrier and the second chamber. In one
instance the shoulders can engage to prevent the needle from
being released from the system and sliding out of the auto
injector entirely, and 1n another instance the shoulders can
engage to provide the axial translation and puncture force of
the needle through the septum when pushed down just prior
to 1njection. In the cross sectional view of FIG. 34A the
needle carrier 1s extended to 1ts maximum distance away
from the second chamber.

FIG. 34B illustrates the injection motion of pressing the
auto 1njector up to an ijection site. The downward force
drives the needle 1610 downward with respect to the needle
shield to expose the needle from the interior of the auto
injector body. A shoulder or stop can be provided on the
interior of the needle shield which engages with the needle
carrier and pushes the proximal end of the needle through to
tully penetrate through the septum. At this point a flmd
pathway 1s established and fluid communication 1s provided
from the second chamber into the patient’s body or other
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injection site. At this point a second plunger can be pushed
into the second chamber thus forcing the mixed drug into the
injection site.

While the principles of the invention have been described
herein, 1t 1s to be understood by those skilled in the art that
this description 1s made only by way of example and not as
a limitation as to the scope of the imvention. Other embodi-
ments are contemplated within the scope of the present
invention 1n addition to the exemplary embodiments shown
and described herein. Modifications and substitutions by one
of ordinary skill 1in the art are considered to be within the
scope of the present mnvention.

We claim:
1. A medication mixing and delivery device, the device

comprising:

a housing;

a first chamber located within the housing, the first
chamber containing a first medicament component;

a second chamber located within the housing, the second
chamber configured to selectively receive the first
medicament component from the first chamber;

a valve located within the housing, the valve configured
to provide selective fluidic communication between the
first chamber and the second chamber:

a first displacement mechanism configured to reduce an

cllective volume of the first chamber and axially trans-
late the second chamber with respect to the first cham-
ber during a first actuation, wherein the first displace-
ment mechanmism 1s comprised of at least one radial
protrusion configured to engage a channel formed 1n an
intermediate support that 1s disposed i1n the housing,
wherein the channel has a first portion, a second
portion, and an intermediate stop disposed between the
first and the second portions;

a second displacement mechamsm configured to reduce
an effective volume of the second chamber;

a second medicament component stored within the hous-
ing and outside the first chamber;

a second trigger which 1s mechanically coupled to the at
least one radial protrusion, wherein triggering the sec-
ond trigger causes the at least one radial protrusion to
engage with the second portion of the channel;

wherein an actuation device 1s in mechanical communi-
cation with the valve, the actuation device being con-
figured to change the valve between a closed state and
an open state during the first actuation; and

wherein the first actuation moves the at least one radial
protrusion relative to the first portion of the channel.
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